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INTRODUCTION 
A survey of current dairy Literature indicates the dairyman's and 
scientist's increasing concern for economic problems of milk production. 
The importance of basic production function theory as a conceptual 
framework for analyzing economic problems of dairying has been recog­
nized. While the basic theory of changing rates of substitution for 
inputs and diminishing returns to added inputs has teen spelled out 
for some time, practical application of these concepts remains a 
challenge. The unavailability of accurate basic input-output relation­
ships is a major obstacle to the scientist in prescribing feeding and 
management recommendations to the practicing dairyman. Even the 
computer is of minor consequence without accurate input-output re­
lationships for use in its programming. 
Today's state of knowledge allows the scientist to offer the 
practicing dairymen rough guidelines which must be modified by the 
practitioner to fit his particular cows, operation, expected prices, and 
financial conditions. The future role that the scientist will play in 
ration formulation and other management decisions of the dairyman is 
dependent upon the scientist's ability to accurately predict the con­
sequences of his recommendations. 
The primary purpose of this study was to test the hypothesis that 
a single equation production function can be estimated by regression 
techniques from a series of three experiments, and that the resulting 
equation can be used to approximate the relationship between feed inputs 
and milk production of dairy cows. 
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The three experiments upon which the study was based were designed 
by a team of interdisciplinary scientists to help elucidate simple bio­
logical and economic relationships. Feed inputs studied were alfalfa 
hay and a concentrate mixture. Outputs estimated were four percent fat 
corrected milk (FCM), whole milk, and butterfat production. 
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LITERATURE REVIEW 
This review is primarily intended to serve as background information 
for those that may pursue input-output relationships for dairy cattle in 
the future. Its intent is to emphasize the extremely complex nature of 
milk production. For those not familiar with dairy cow experimentation 
it is hoped that the large variability in results of experiments with 
lac eating dairy cattle will become apparent. It is commonplace to obtain 
contradictory results from similar experiments. The wide range of results 
obtained from like experiments makes quantitative inference from dairy 
experiments to on the farm applications a most difficult task. 
Terminology is always a problem. A perfect quantitative terminology 
for describing feeds tuffs is nonexistent. Thus, it is necessary to 
discuss several of the terms that will be used in this study. The terms 
roughage and concentrate will be used frequently. The differences among 
roughages as well as among concentrates are great. Any generalization based 
upon the percentage of concentrates in a ration is obviously a rather crude 
quantification of ration differences. Other measures that attempt to 
quantify ration differences, such as the ratio of metabolizable energy 
(Mii;) to gross energy (GE, the energy of combustion), terms of estimated 
net energy (ENE) per pound of ration, or percent dry matter digestibility, 
may be more quantitative. IlGwever, the terms concentrate, roughage, and 
roughage to concentrate ratio can be easily visualized. Therefore, these 
. 
terms will be used in preference to more complicated terminology. 
The other term that needs clarification is energy. This term, when 
not used as one of the standard nutritional energy definitions such as 
gross energy, digestible energy, etc., will be used to denote the general 
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productiveness of a feedstuff or ration. Throughout this discussion, it 
will be assumed that other nutritional needs such as protein, vitamins, 
or minerals are not limiting factors. Thus to say that one ration has 
more energy than another is merely a qualitative statement similar to 
saying that the nutritional value of one ration is greater than the 
nutritional value of another. Cases where the term energy is used in 
the sense that energy is defined in the dictionary, hopefully will be 
obvious. 
Where possible the focus of this review will be upon studies using 
rations similar to the alfalfa and grain combinations fed in the three 
experiments under investigation. Strict adherence to this policy is not 
practical because it is impossible to estimate the influence of several 
factors of interest without observing studies where rations other than 
alfalfa and concentrate mixtures were fed or where the rations fed were 
not recorded. Furthermore, much of the recent research involves the 
feeding of some silage or processed roughage. 
The majority of the information between feed inputs and milk outputs 
is provided by feeding experiments. Most of these trials were primarily 
conducted to determine relationships other than input-output relation­
ships for feed and milk. 
Milk Production Response to Roughage-Concentrate Combinations and 
to Level of Intake 
During the last thirty years much research on the response of milk 
production to various roughage-concentrate combinations appears in the 
nutritional literature under the topic of high concentrate feeding. A 
number of reviews has been written on the subject (Armstrong, 6; Baum-
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garde, 12; Huffman, 63; Kesler and Spahr, 7 1 ;  Lasisiter and Brown, 75; 
Loosli, 79; Reid ej: al., 114; Van Soest, 141). The term high concentrate 
feeding has been used to describe the following feeding methods: ad 
libitum consumption was allowed throughout the experiment; ad libitum 
consumption was allowed during early lactation followed by grain fed to 
milk production during the remainder of the lactation; rations were fed 
according to milk production (energy requirements) throughout the lacta­
tion; and "isocaloric" intakes were maintained across various roughage-
concentrate ratios. These different feeding programs along with re­
searchers' frequent neglect to explain in detail the rations and feeding 
programs used .make comparisons among trials-difficult. 
LassiCer (74) has hailed high concentrate feeding as the "greatest 
breakthrough in dairy feeding in the last 50 years" and specifies that 
high concentrate feeding refers to increased energy intake of dairy 
cows and specifically the feeding of more grain to cows. 
Increased production with more grain 
There are studies in the literature that have observed increased milk 
production from increased levels of grain feeding; in contrast, there are 
studies where no production increase was noticed. As stressed by Bloom 
(20) marked individual variation exists among the responses of different 
cows to different combinations of concentrate and roughage and to vary­
ing levels of intake of these combinations. 
Additional milk production response to the feeding of additional 
grain appears to depend primarily upon three conditions: (1) inclusion 
of higher levels of grain results in increased energy intake; (2) the 
productive ability of the cow is such to utilize the additional energy for 
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milk production in preference to body fat formation; and (3) increased 
grain level consumed at the expense of roughage intake does not produce 
a metabolism antagonistic to milk production. 
The effects of feeding grain in excess of feeding standards were 
studied in ten-week field trials in New York by Charron (30). Ninety-
five percent of the cows responded in milk production to increased grain 
feeding and 40 percent showed a profitable response. Brown et al. (26) 
noted an increase of milk production of 36 to 46 pounds per day when 
grain feeding was increased from 12 to 36 pounds per day in a grain, 
corn silage, and hay ration. Similarly Bernett and Olson (14) noted a 
five pound increase in daily FCM production when a 78 percent concentrate 
ration was compared with a 38 percent concentrate ration. Both dry 
matter and energy intake were increased when the higher concentrate 
ration was fed. 
Increased milk production from 50 to 56 pounds was observed by 
Putnam and Loosli (109) in a comparison of 30 to 65 percent concentrate 
rations during a 112-day trial. Intake of Total Digestible Nutrients 
(TDN) was also increased with increased percentages of concentrate in 
the diet. Metabolism appeared normal as evidenced by normal butterfat 
percentages for the higher concentrate ration. 
A recent study of Murdock and Hodgson (104) compared challenge 
feeding with feeding according to production using alfalfa hay and a 
concentrate of primarily barley and wheat. Challenge fed cows produced 
13,650 pounds of FCM, consumed 11,004 pounds of hay and 4,107 pounds of 
concentrate, and gained 50 pounds during a 365-day period. The control 
animals produced 664 pounds less FCM, consumed 440 pounds more hay and 
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1,450 pounds less grain, and lost 22 pounds. During the entire period, 
the challenge level consumed 27 percent concentrates versus 21 percent 
consumed by the control group. Assuming that weight gain differences 
have no effect on subsequent lactations, the feeding of the extra grain 
was not profitable except for very favorable price conditions. 
Studies that have been conducted over several lactations with high 
producing cows are few in number. In a trial lasting three lactations, 
Tyrrell £t al. (138) studied the effect of high concentrate feeding to 
cows averaging 15,000 to 17,000 pounds milk per year. Results over such 
a long-time span become difficult to analyze. However, one group was 
fed a grain mixture and alfalfa-grass hay ^  libitum along with 36 pounds 
of corn silage daily for the first six weeks of lactation and then grain 
according to Reid's TDN requirements during the remainder of the lacta­
tion. This group produced 500 to 1500 pounds more milk per year than 
the control group. The control group received one pound of grain for 
each three pounds of milk above a production of sixteen pounds milk per 
day with a maximum of twenty pounds per day. Thirty-six pounds of corn 
silage was fed along with hay ^  libitum. A third group was fed liberal 
amounts of grain as in the first group but was restricted to a roughage in­
take of eight pounds of hay and 12 pounds of corn silage. An additional 
15 pounds of grain was fed to substitute for the reduced roughage. This 
group produced equal pounds of milk but fewer pounds of FCM than did the 
control group. 
Total consumption data were not given in the lengthy Tyrrell et al. 
(138) report, so it is impossible to make simple cost comparisons among 
the feeding systems used in the trial. As recognized by Charron (30), it 
is not enough merely to know that extra grain feeding results in more milk 
production. One wants to know for various price conditions if the extra 
milk produced and the reduction in hay intake pays for the extra grain 
fed. 
Equal and lower levels of production in response to grain feeding 
Also occurring in the literature are trials where apparently there 
was no response to a high portion of grain in the ration. Lovell and 
Rusoff (81) observed no additional milk production from feeding an 85 
percent concentrate ration as compared to a 40 percent concentrate ration 
during a 16-week experimental period. Intake of TON was 19 percent lower 
for the high concentrate ration. Average butterfat percentage for the 
higher concentrate level dropped during the first four weeks and then 
returned to levels equivalent to the lower concentrate ration by the 
end of the experimental period. 
Ruramery and Plum (119) attempted to feed a group of Holsteins at 
150 percent of Morrison's requirements by increasing the proportion of 
grain in the ration in comparison to a group fed at requirements. Both 
groups produced about 12,800 pounds of milk with the 150 percent group 
gaining 80 pounds more during the lactation. 
Bell eit al. (13) compared a 75 percent concentrate ration with a 
45 percent concentrate ration and found no differences in intake, milk 
production, or gross efficiency. Hooven and Plowman (60) compared cows 
fed ad libitum on grain, hay, and silage. Both groups produced approxi­
mately 13,200 pounds of milk in a 305-day lactation with the ad libitum 
group consuming about 15 percent more therms of ENE. 
9 
Few studies have fed isocaloric rations; i.e., held energy intake 
constant, so that substitution relationships between roughages and 
concentrates may be estimated. Elliot and Loosli (41) fed diets in 
which the level of ENE above maintenance was held constant. No dif­
ferences were noted among FCM production for 26, 44, or 67 percent con­
centrate rations. 
Hinders and Owen (56) studied isocaloric feed inputs where 30, 50, 
70, or 90 percent ,of the ENE came from concentrates. They found above-
maintenance requirements of 0.37 therm of ENE per pound of FCM produced, 
regardless of the ration fed. There were no significant differences in 
FCM production or fat percentages for the four groups. 
Zcremski e_t al. (146) studied isocaloric rations that were part corn 
silage where concentrate percentages of 47.7, 59.1, and 72.5 were fed in 
a latin square arrangement. No differences in milk output per unit of 
ENE intake were detectable among the three rations. 
Much popular literature has appeared on high concentrate feeding; 
most of it has been favorable (Lassiter, 75), while others have been 
openly critical of the economics of the recommendations made by many 
universities to feed higher levels of grain (Scholl, 121). 
Energy balance trials by the USDA have presented evidence that the 
rate of substitution of concentrates for roughages is not constant for 
all percentages of concentrates (Coppock e_t ^. , 34; Piatt and Moe, 47). 
The parameter studied was the efficiency of conversion of available 
metabolizable energy (ME) to milk. Available ME was obtained by correct­
ing total ME intake for maintenance needs and weight gain. In addition, 
the percent ME in the ration increases with increased percentages of con­
centrate. Thus it is difficult to interpret this data in terms of pounds 
of roughage and pounds of concentrate. Their data indicated that the 
percent efficiency of conversion of ME to milk tended to increase from 
about 54 percent for an all-roughage diet to about 65 percent at a 40 
percent concentrate ration. Efficiency then leveled off at about 67 
percent for a 60 and an 80 percent concentrate ration. A plot of the 
data in the first experiment revealed a large variation in efficiency of 
conversion among individual cows. The results of these trials would 
appear to be tentative. 
Feeding trials reporting a precise measurement of a nonlinear rate 
of substitution of roughage for concentrate from feeding trial data were 
not found in the literature. Increases in milk production observed 
with increasing percentages of concentrate in the ration appear to be 
primarily due to increases in energy intake. Associative effects between 
average quality alfalfa hay and unpelleted grain mixtures comprising 20 
to 60 percent of the ration do not appear to be of a magnitude that is 
readily measurable. 
Effects of level of energy during prepartum and early lactation upon pro­
duction during later stages of lactation 
Several studies have indicated that higher levels of grain feeding 
allow achievement of a higher level of production at the peak of the 
lactation curve, and that a higher lactation curve results throughout 
the lactation period (Gardner, 49; Tremere and Merrill, 135). Graphs 
in a report by Murdock and Hodgson (104) illustrate this effect. 
Olson e_t (105) observed apparent carryover effects of low levels 
of energy intake during the first portion of the lactation resulting in 
lower productivity during the later stages of production. Control 
animals were fed concentrates at the rate of one pound per 3.5 pounds 
of FCM. Experimental animals were fed aj libitum hay and grain. The 
control animals refused to eat enough of the alfalfa grass hay to meet 
their TON requirements. The ad libitum cows produced 59.5 pounds per day 
during the peak week of production which was 8.4 pounds more than pro­
duced by the controls. At the end of the 19th week of the lactation, 
daily production for the libitum fed cows was 46.6 pounds which was 
15.S pounds higher than the production of the controls. 
Emery (42), on the other hand, has suggested that continued heavy 
grain feeding after 181 days will lower the milk production at the end of 
the lactation. Emery hypothesized that the reduction will be caused by 
reduced roughage intake and body fat deposits at the expense of milk fat 
and milk production. 
A practice promoted by early advocates of high level grain feeding 
was the feeding of grain prepartum to allow the cows to become accustomed 
to grain prior to calving and to have them in excellent condition at 
calving time, ready to mobilize large amounts of energy during early 
lactation. Studies on prepartum feeding have produced small and variable 
results on subsequent milk production (Blaxter, 19; Broster e_t , 25; 
Castle and Watson, 29; Davenport and Rakes, 37; Schmidt and Schultz, 120; 
Swanson and Hinton, 132). A recent study at Michigan State (Emery, et al. 
44) involved 98 heifers and 50 cows. All entered the study in good body 
condition. Grain feeding started at 21 days prepartum for one group and 
five days postpartum for the controls. Over the total lactation an extra 
pound of milk was produced for each four pounds of grain-fed prepartum to 
12 
heifers and for each ten pounds of grain fed prepartum to cows. Prepartum 
grain feeding was not economical in this study. 
Effects of nrenartuin milkins 
There is little question that it is not practical to attempt to 
eliminate the dry period between lactations. Continuous milking as opposed 
to allowing a normal length dry period between lactations has resulted 
in lower milk production during the subsequent lactation. Compared to 
controls allowed the normal two-month dry period, Ackerman e_t aj^. (1) 
noted a milk reduction of 60 percent among cows that were allowed a two-
week dry period, milked to calving, or milked until production dropped 
to five pounds per day. 
The above findings confirm those by Smith e_t (123) and Swanson 
(131). Swanson found that production of continuously milked cows was 
lowered to 75 percent during the second Lactation and 62 percent during 
the third Lactation as compared to identical twin controls allowed a 
60-day dry period. At the end of the third lactation, the continuously 
milked cows were allowed a normal dry period. Milk production was 
slightly higher during the fourth lactation as compared to the control 
c ows. 
C omir.e n t 
It appears that cows with a high genetic potential for production 
will respond with higher milk production to increased amounts of concen­
trates when these amounts more adequately provide for their energy re­
quirements. This response "along the stomach line" will occur as long as 
ad libitum energy intake is increased with increasing proportions of con­
centrate in the diet. 
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Roughage to Concentrate Effects on Butterfat Percentages 
It has been recognized since the late 30's that rations very low in 
roughage caused a depression in milk fat percentages. Powell (108) ob­
served milk fat depression when alfalfa hay intake was limited to six 
pounds per day along with a full feed of concentrates. Replacing normal 
levels of hay in the diet increased butterfat percentage by one percent. 
In the mid-forties, Loosli e_t (80) reduced butterfat percentage 
by one-half by feeding one pound of hay and 25 pounds of concentrate 
daily. Significant reductions in percent butterfat occurred when hay 
was limited to five pounds per day plus concentrate as compared to 
12 pounds hay received by controls. 
Balch characterizes fat depression 
In the early fifties Balch e_t (8) reported that milk fat was re­
duced from 3.8 to 3.2 percent when four or six pounds of hay replaced the 
normal daily allowance of 18 pounds. All were fed a concentrate mixture 
containing 50 percent flaked maize. A similar reduction occurred when 
eight pounds of finely ground hay were fed with the concentrate mixture. 
Balch hypothesized that the depression of butterfat percentage was 
less with intakes at feeding standard levels than at aA libitum intake 
levels, and that the depression was less in the later stages of the 
lactation. He also reasoned that fat depression was not due to fiber 
content per se as crude fiber additions to the ration in the form of 
finely ground straw had little effect in relieving milk fat depression. 
He also hypothesized that more than just the roughness of unground hay 
was involved in fat depression. He observed that eight pounds of hay fed 
with dairy cubes did not result in milk fat depression. However, when a 
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normal concentrate, higher in readily digestible starch, was substituted 
for the cubes the milk fat percentage was aga'in depressed. Balch recorded 
the characteristics of a rumen receiving a very low roughage diet. He 
noted rumen contents that were homogeneous and pasty as contrasted to 
contents of a normal rumen with more stratified contents and with drier 
top layers floating over more liquid bottom layers. He also noted reduced 
chewing of the cud and sluggishness of rumen contractions. In low hay 
diets, Balch reported that molar portions of acetic acid fell from 57 
to 41 percent and that propionic acid portions rose from 24 to 39 percent 
with a diet that caused fat depression. In addition, Balch graphically 
recorded the variation in fat depression observed among cows fed similar 
diets. 
Not mentioned by Balch was the markedly lower rumen pH often observed 
when low hay rations are fed (Tremere ^  al., 136). Studies conducted 
since Balch's work lend evidence to support his observations. However, 
most of these studies have stressed biochemical aspects rather than the 
physical input-output relationships of feeding high portions of concentrate 
in the diet. 
Trials in which milk fat depression has occurred 
In another study by Balch e^ (7), restriction of hay intake to 
four or eight pounds daily reduced milk fat by about one percent. Tyznik 
and Allen (139) noted a depression of milk fat by one to two percent 
when long hay intake was limited to three pounds daily. 
Reviews conducted during the last decade by Van Soest (141), Arm­
strong (6), and Rook (118) leave little doubt that milk fat depression 
does occur when high percentages of grain are fed along with coarsely 
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ground or long hay. The resulting problems are discovering what per­
centage of the ration may be concentrate before measurable depression 
occurs, how rapidly and to what degree does depression take place as 
concentrate proportions are increased, and what is the accompanying re­
sponse of total milk production and other milk components of economic 
interest as concentrates are increased? In this study, however, milk fat 
will be the only component examined. 
Kesler and Spahr (71) reported studies that compared dietary crude 
fiber levels of 17, 13, and 9 percent corresponding to concentrate levels 
of 43, 67, and 83 percent. A significant depression in fat percent of 
about 0.5 to one percent was observed for the 67 or 83 percent concentrate 
groups. They suggested that crude fiber levels below 13 or 14 percent 
(approximately 60 percent concentrate) may be detrimental to butterfat 
percentage. However, Walker and Elliot (143) have observed milk fat 
depression of 10 to 20 percent with no difference in level of milk pro­
duction when a 20 percent crude fiber ration was fed. The ration con­
tained 17 percent ground corn cobs and 12 percent dehydrated alfalfa. 
The control ration was ^  libitum long hay and liberal amounts of grain. 
Others have fed concentrate levels above 60 percent without butterfat 
depression, Leighton (McCoy et. , 89) reported that a 20 percent 
roughage level resulted in a sharp decrease in fat percentage. However, 
fat percentage returned to normal on a 30 percent roughage diet. 
Ronning and Laben (117) observed milk fat depression among first 
calf heifers fed a 100 percent concentrate ration high in barley. How­
ever, no depression occurred when concentrates were 70 percent of the 
ration and fed with coarsely ground hay. 
While comparing challenge versus regular feeding, Murdock and • 
Hodgson (104) reported a significant (P < .05) drop in milk fat, 0.1 to 
0.2 percent over the entire lactation, when comparing two relatively low 
levels of milo, barley, and wheat concentrate feeding. Two roughage 
sources, hay and a hay-silage combination, were combined in the analysis. 
The average percent concentrate in the rations for the lactation were 
27 versus 21, respectively, for the challenge and regular feeding pro­
grams. The regular feeding program provided one pound concentrate for 
each four pounds of milk produced. Percent concentrates in the ration 
at peak production (45 days), peak intake (100 days), and at 300 days 
was 44, 39, and 18 percent for the challenge/fed group versus 32, 27, and 
15 percent for the regular 4:1 group. Roughage dry matter intake for 
both groups was about two pounds per 100 pounds body weight. The chal­
lenge fed group receiving hay produced about 13,650 pounds FCM which was 
650 pounds more than the production of the 4:1 milk to concentrate group 
receiving hay. The difference was not significant (P < .10). 
Trials where fat depression was not experienced 
Some reports indicate very low roughage intakes with no serious 
problems. Shaw e_t (122) observed practically no effect on milk fat 
percentage with rations containing as few as four pounds of long hay per 
day plus concentrates. Moe _et (99) fed rations ranging from 41 to 91 
percent concentrate with the majority being from 48 to 75 percent con­
centrate and did not report serious depression of butterfat. The higher 
levels were fed only during periods of peak production. However, most re­
searchers reported milk fat depression occurring within a few weeks or 
less after starting high grain feeding. 
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McCoy e_t al. (89) fed 30 percent roughage and 70 percent concentrate 
rations to cows with average production of 40 pounds per day. Only one 
group out of four suffered a small depression in milk fat percentage. 
This group was ^  libitum fed alfalfa-bromegrass hay and grain from 
separate containers. The other three groups were fed completely mixed 
rat ions. 
Most trials involving fat depression were less than one lactation 
in length. Studies by lyrre 11 e_t (138) with 16,000 to 17,000 pound 
producers over a three-year period reported a small depression in fat 
percentage when cows were fed ten pounds roughage equivalent (eight 
pounds alfalfa hay plus two pounds from corn silage) per day as compared 
to controls receiving limited grain and roughage ^  libitum. No re­
duction in total milk production occurred. 
Variation among; individual cows 
Gardner (49) supports Balch's observation of considerable variation 
in the ability of cows to consume high levels of concentrates and to 
maintain a normal fat percentage. Gardner observed a cow that produced 
120 pounds milk per day, consumed 34 pounds of concentrate daily, and pro­
duced 3.5 percent fat. Another cow produced 58 pounds of milk per day, 
ate only 17 pounds of concentrate daily, and dropped to a low fat per­
centage of 2.1. Hay was fed at two percent of body weight. 
Moderate levels of alfalfa-grass hay, 1.25 percent of body weight, 
resulted in a small fat depression prior to high temperature studies 
(Moody e_£ , 101). This level of hay would be 16%: pounds per day for 
a 1,300 pound cow. High temperature depressed the milk fat percentage 
further. Dean e^ (39) stated that roughage at the level of 1.5 per­
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cent of body weight was needed to avoid fat depression. This recommenda­
tion is equivalent to 19.5 pounds of hay per day for a 1,300 pound cow. 
Effects of pelleting and other compositional changes 
Pelleted hay or finely ground hay, and flaked, heated, or pelleted 
grain all tend to depress milk fat more than their unprocessed or coarsely 
ground counterparts. A pelleted ration containing 75 percent concen­
trates largely composed of corn is frequently used in trials to study 
butCerfat depression (Rindsig et_ , 115). 
In agreement with Balch e_t aj_. (8), work by Jorgensen and Schultz 
(69) supports the hypothesis that in rations containing the same low 
amount of hay, the nature of the concentrates and its starch contents 
determine whether that diet will affect milk fat percentage. Feeding a 
constant level of eight pounds of hay per day, they compared rations with 
corn and cob meal, a conventional herd mix, ground shelled corn, and 
pelleted corn with respective fiber levels of 12, 10, 8, and 8 percent. 
The conventional herd mix and hay ration was approximately 78 percent 
concentrate Average milk fat depression did not occur for the corn 
and cob or conventional herd mix rations but did occur with ground 
shelled corn and pelleted corn rations.. The pelleted corn ration had 
the largest effect and reduced fat percentage about 0.7 percent. Arm­
strong (Ô) has suggested that the portion of structural carbohydrate in 
the total feed may be related to milk fat depression. 
•Conflicting reports exist upon the effect of high concentrate 
rations upon total milk production and its solids-not-fat (SNF) content 
when high concentrate diets depress fat percentage. Rook (118) and 
Olson e_t al^. (105) have suggested that SNF content, primarily protein, 
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may increase with decreasing levels of fat percentage. Armstrong's opinion 
(6) is that yield, and SNF effects are small. It is beyond the scope of 
this study to pursue the effects of grain processing and the effects of 
diet upon milk composition other than the influence of diet upon fat 
percentage. A book by Kirchgessner e_t al. (72) gives a detailed review of 
the effect of diet upon milk composition. 
Comment 
Percent milk fat does not just suddenly drop when a certain percent 
of concentrate in the ration is reached. At some point as concentrates 
are added to the diet, milk fat percentage begins to drop. At fairly high 
levels of concentrates the depression becomes noticeable and measurable. 
Fat depression is not merely a function of percent concentrates in the 
ration. Furthermore, the fat depression per se is of little interest; 
it is the economic consequences of the depression that are,of concern. 
Reduction in milk fat percentage shows considerable variation among 
cows. Some cows may be seriously affected by rations containing 60 per­
cent concentrates. Others may have normal production when consuming 
rations as high as 80 to 90 percent concentrates for short periods of 
time. Many are seriously affected in the 70 to 80 percent concentrate 
range. Depression appears to be less at lower level's of intake, less in 
later stages of lactation, and less for cows in good condition (Rook, 118). 
The accompanying effects on yield when fat is depressed seems to be small. 
Apparently, yield is not depressed if total energy Intake is maintained 
constant. 
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Effects of Roughage to Concentrate Ratio on Intake" 
An excellent review by Balch and Campling (9) explains the various 
theories on regulation of food intake and summarizes the vast amount of 
study prior to 1963 upon the subject of voluntary food intake by 
ruminants. Despite the large amount of research on the subject, few 
quantitative estimates for predicting intake are offered. Balch re­
cognized the urgent need for predicting the voluntary intake of specific 
diets. However, he summarized his feeding about quantification of in­
take estimates as follows: "Although values can be given for the mean 
dry matter intake of animals of a given size and productivity, varia­
tions for different diets and for individual animals are too great for 
such values to be of much use in planning rations for individual ani­
mals." More recent reviews have been written by Coppock and Tyrrell 
(35), Jacobson (64), and Montgomery and Baumgardt (100), 
Factors affecting intake 
The factors that control intake are not well understood. It is 
believed that physical size limitations of the digestive tract and along 
with the rate of passage of digesta through the alimentary tract control 
the intake of roughage rations and the intake of mixed rations containing 
up to 40 or 50 percent concentrate. Intake of rations with a higher per­
cent concentrate is believed to be controlled by physiological mechanisms 
of a biochemical nature; i.e., appetite (McCullough, 90; Balch and Camp­
ling, 9). Montgomery and Baumgardt (100) have proposed relationships be­
tween intake and the product of digestible dry matter times density, 
which they'felt were related to the above mechanisms. 
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Campling and Freer (27) demonstrated the importance of the amount of 
digesta in the reticulo-rumen and the digesta's rate of disappearance 
from this organ in controlling the voluntary intake of long hay. They 
felt that this phenomena has less effect for concentrates. Conrad et al. 
(32) suggested that the influence of physical and physiological factors 
changes with ration digestibility. Sixty-six percent dry matter digesti­
bility was suggested to be the point at which physical factors (gut 
capacity and rate of passage) give way to physiological factors (appetite). 
Recent work by Bines e^ (15) suggests that body condition may 
affect intake. Noted was the fact that thin cows consumed about 25 per­
cent more than fat cows. They hypothesized that this difference was 
caused by large fat deposits in the abdominal cavity and by physiological 
factors. 
Mather (So) has also reviewed diet intake. Among the factors affect­
ing consumption that he considered to be important are type and quality 
of forage, amount of grain in the ration, body size, milk production, 
stage of lactation, growth, and atmospheric conditions. 
Any theory based simply on "capacity" for one group of feeds and 
"appetite" for another group is probably a gross oversimplification of 
reality. Work by Jacobson (64) showed that the addition of polyethy­
lene cubes to the rumen via a fistula did not decrease dry matter intake 
for cows fed on an all-roughage diet. The cubes were added up to ten 
percent of the metabolic weight. Had capacity been a crucial factor, 
one would have expected dry matter intake to have been reduced. 
Studies which have attempted to evaluate the factors affecting 
voluntary intake have met with limited success. Gray (Coppock and Tyrrell, 
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35) accounted for only 27 percent of the total within-cow, within-year 
variation in daily forage intake. He considered factors such as FCM 
production, amount of grain fed, body weight, gain, condition rating, days 
since calving, and several two and three-way interactions for these vari­
ables; 
Stone £t (128) conducted a study involving 175 Holsteins. Only 
25 percent of the total variation of forage intake could be accounted for 
by variables of milk production, body weight, and weight changes. They 
did note, however, that three out of four cows that were among the top 
one-half of consumers of one forage were among the top one-half of con­
sumers of another. Similarly Johnson et (67) found that only 36 per­
cent of the variation of forage intake among cows during the first 15 
weeks of lactation could be accounted for by the factors studied. Milk 
production, stage of lactation, condition rating, and weight loss were 
variables of most importance. 
Likewise, Jacobson (64) found that only 31 percent of the variation 
in the ^  libitum consumption of an all-alfalfa hay diet was accounted for 
by the factors of milk production, body weight, and barrel circumference. 
Comparisons among intake estimates 
Apparently many animal scientists agree with Balch regarding the un­
certainty of quantitative estimates of intake of various feed mixes. 
Few attempts to estimate these relationships have been made. McCullough 
(90) is among the few courageous animal scientists that have attempted to 
synthesize an intake relationship. McCullough's estimates, based upon 39 
experiments, suggest that dry matter intake increases rapidly with zero 
to 20 percent concentrates in the ration, then decreases slowly with 20 to 
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40 percent concentrates, and decreases more rapidly as the ration approaches 
80 percent concentrates. He estimates that ENE intake increases as the 
percent grain in the ration increases; however, increases are larger for 
lower levels of grain. McCullough estimated approximate intakes of 16, 22, 
23, and 24.5 therms ENE for rations containing 0, 20, 40, and 80 percent 
grain. These estimates were for cows producing from 24 to 70 pounds of 
milk per day. 
Estimates by Kesler and Spahr (71) indicated that ENE intake peaked 
as the percent concentrates in the ration approached 60 percent. Mc­
Cullough 's curve continues to rise towards 80 percent concentrates. Their 
equation for predicting ENE intake was not given; however, differences in 
intakes at 40 percent concentrates and 60 percent concentrates were less 
than one and one-half pound TDN. 
Observations by Flatt (46) were unable to note differences in 
metabolizable energy intake as the portion of the grain in the ration in­
creased from 40 to 80 percent. 
An experiment by Ronning and Laben (117) with a ration high in steam-
rolled barley noted decreased dry matter intake as the percent concen­
trate in the ration increased from 10 to 40 to 70 and finally, to 100 per­
cent. The decrease in intake was small as the percent concentrate increased 
from 10 to 40. The decreases in intake became larger at the higher con­
centrate percentages. Although energy intake was not given, body condition 
and milk output indicated that energy intake increased from 10 to 40 to 70 
percent concentrate rations. Lower milk production and thinner body 
condition of the heifers receiving the 10 percent concentrate ration in­
dicated that they were unable to consume enough energy to meet their needs 
24 
for a large portion of the experimental period. 
Campling and Murdock (28) have suggested increasing dry matter in­
take with increasing percentages of concentrates. They observed rations 
with 0 to 55 percent concentrates. Addition of up to 13.2 pounds of 
concentrates daily caused little change in the ^  libitum intake of hay 
by non-lac tating dairy cows. Larger amounts of concentrates of 13.2 to 
17.6 pounds daily reduced hay dry matter intake between 0.2 and 0.4 pound 
per pound of concentrate dry matter given. A level of 17.6 pounds con­
centrate was approximately a 55 percent ration. About a 35 to 40 percent 
concentrate ration is indicated by a daily intake of 13 pounds concentrate. 
Stone _et aA. (128) noted similar results with lower levels of concentrates 
but estimated depression of 0.4 to 0.5 pound hay for each pound of con­
centrate fed above 13.2 pounds per day. Early input-output studies by 
Jensen e_t (65) estimated that roughage consumption declined 0.5 to 
0.7 pound for each one pound increment of concentrates added to the ration. 
Work by Mather e_t (87) reported a reduction of 0.26 pound forage 
dry matter intake per additional pound of concentrate fed for rations con­
taining between 20 to 35 percent concentrate and 0.21 pound decreases for 
rations between zero and 20 percent concentrate. This work also suggests 
an ability by percent concentrate interaction for intake predictions. In 
feeding hay and silage rations, plus concentrates, they noted that total 
dry matter intake increased more rapidly with increasing levels of con­
centrate in the ration for cows with high production potentials as com­
pared to increases for cows with low potentials. 
In comparing a ration averaging 27 percent concentrate with a ration 
averaging 21 percent concentrate over a 365-day period, Murdock and Hodgson 
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(104) reported a drop in hay dry matter consumption of 0.4 pounds for each 
additional pound of concentrate fed in the higher concentrate ration. In 
the same experiment, at peak consumption, a reduction of 0.7 pounds of 
hay dry matter per pound of concentrates occurred. At peak consumption, 
the rations contained approximately 40 and 30 percent concentrates. 
With data from the Kansas State experiment included in this study. 
Ward and Kelley (144) studied rations with zero to 50 percent-concen­
trates . They estimated that the average consumption of hay was reduced by 
0.44 pound hay dry matter per pound of concentrate dry matter added to 
the ration. Their findings also noted that ENE intake doubled as the 
percent concentrates increased from zero to 50 percent. Another con­
clusion reached was that variation among cows in consuming a given 
ration was greater than variation resulting from different ratios of 
grain and forage. 
In contrast to McCullough's estimate where dry matter intake peaked 
at 20 percent concentrates, the studies just discussed suggest that dry 
matter intake continues to rise substantially to 30, 40 or perhaps 50 per­
cent concentrates in the ration. 
Effects of forage quality 
Intake is also affected by forage quality. The decline of volun­
tary intake and of digestibility of forages is well documented. However, 
what is the effect of forage quality when forages are fed with concen­
trates? For low levels of concentrate, hay quality apparently can have 
a very marked influence upon ration intake. Reid e_t al. (113) reported 
that cows produced 42.7 pounds of FCM per day while consuming one pound 
concentrate for each three to four pounds of milk produced along with 28.1 
pounds, of hay cut on June 11th. An alternate treatment consumed only 21.8 
pounds of more mafure hay cut on July 9th, and produced only 30.5 pounds 
of rCM per day. Similar results were reported by Spahr _et (124) who 
observed significant reductions in milk production and hay intake as 
cutting dates progressed from May 25th to June 9th and then to June 24th. 
In contrast. Campling and Murdock (28) suggested that the rate of re­
duction of total intake with increasing levels of concentrates is greater 
with high: quality hay. 
Variation of intake among individual cows 
A study by Legates e_t (77) also suggests that considerable varia­
tion in intake occurs among cows at similar stages of lactation. Con­
centrates were fed to supply 40 percent of the daily maintenance require­
ment. Hay was fed ad libitum and daily consumption among 17 cows varied 
from 2.65 to 4.37 pounds per 100 pounds body weight. 
Maximum average intake on the McCullough estimate was 24.5 mega-
calories ENE per day. Moe e^ al. (99) observed intakes of six times 
maintenance requirements which would indicate a maximum intake of at 
least 40 to 45 megacalories per day. This agrees with Dean e_t (39), 
who recently proposed a linear program for dairy rations. Intake esti­
mates for the program allow a maximum of about 40 megacalories intake by 
medium- or high- producing cows when required to consume a minimum of 
approximately 20 pounds of roughage per day. Their consumption estimate 
suggests that energy intake increases with increasing portions of grain 
in the ration with about 78 percent concentrate being the maximum percent 
allowed by the program. Undoubtedly there are individual cows that can 
consume much more than the McCullough estimate, at least for short periods 
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of time. 
Rules of thumb for intake estimates 
Rules of thumb appearing in popular literature regarding intake are 
estimates often used whe-n more quantitative estimates are not -considered 
practical. Rules of thumb reflect the thinking of nutritionists that 
arc hesitant to make formal quantitative estimates of intake in pro­
fessional literature. It is understood that rules of thumb are merely 
rough guides that must be supplemented with observation and experience 
to apply them in a given situation. Some rules of thumb are these: 
(1) Regardless of grain intake a minimum amount of hay will 
be eaten. For highest grade hay this will be approxi­
mately two pounds per 100 pounds body weight for average 
to fair quality hay (Stone e_t aJ. , 127). 
(2) Low quality hay may cut voluntary consumption by as much 
as 20 to 25 percent and this may be 15 to 30 percent 
less digestible than high quality hay (Borcherding, 21). 
(3) With no grain a cow will consume about three pounds of 
medium quality hay per 100 pounds body weight and supply 
about twice her maintenance needs. 
(4) A good cow will consume about four pounds of air dry 
feed per 100 pounds body weight if presented with grain 
and roughages (Emery, 43). 
The last two rules of thumb roughly correspond to McCullough's minimum and 
maximum estimates of dry matter intake. Unfortunately McCollough's esti­
mates do not allow for differences in roughage quality. 
Other effects 
Pelleting apparently changes intake relationships. The primary effect 
appears to be upon high roughage rations where dry matter intake may be 
increased considerably by pelleting. Work by Montgomery (Montgomery 
and Baumgardt, 100; Cowsert and Montgomery, 36) observed decreased dry 
matter intake with pelleted rations as portions of concentrate increased 
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from 0 to 33 to 67 percent. Rations were primarily alfalfa, corn, and soy­
bean meal. It is beyond the scope of this study to discuss pelleting and 
grain processing in detail. 
Intake variation over the lactation 
Not only does intake vary among individual cows and the rations con­
sumed, but intake also changes as the lactation progresses. Reid et al. 
(114) noted that peak milk production occurred at three to six weeks post­
partum and maximum intake occurred at approximately seven to twelve weeks. 
Work by Ronning and Laben (117) with first calf heifers indicates 
that after parturition, dry matter intake will continue to increase for 
longer periods with higher levels of roughage. Peak dry matter intakes 
of 43.1, 41.4, 37.5, and 31.0 pounds occurred at lactation weeks 19, 18, 
12, and 5 for rations containing 10, 40, 70, and 100 percent concentrate. 
The delayed peak intake for the higher hay rations occurred in the month 
of June during some of the hottest California weather encountered during 
the entire trial. Mather e_t (87) also suggest that peak dry matter 
intake may be delayed with increasing percentages of roughages in the 
ration. 
Coppock and Tyrrell (35) have plotted relationships between hay in­
take, grain intake, milk production, and stage of lactation. Their plots 
illustrate the large variation among different trials in patterns of grain 
and hay intake. These authors attribute the great diversity of grain 
feeding recommendations among various scientific groups to the inability 
to accurately predict the amount of forage that a cow will consume under 
a particular set of conditions. 
29 
The role of intake in milk production 
It is the opinion of Reid et (114) that during early lactation, 
feed intake is the major limitation to high milk yield for cows with a 
high genetic capacity. In observing 39 cows during 49 lactations in which 
the maximum average daily yield during a one-week period exceeded 70 
pounds of• FCM per day, peak milk production was reached, on the average, 
three weeks after calving. However, peak TDN. intake did not occur until 
the middle of the eighth week of lactation. Based on the requirements 
derived from that study, only three of the cows ingested enough feed 
during the peak yield week to support their production for that week and 
only 13 ingested enough food during the week of peak intake to meet the 
energy needs for the week of highest milk production. 
Reid observed that during the first two to three months of lactation 
few cows yielding 100 pounds of FCM per day can eat sufficient amounts of 
feed to meet their immediate requirements and to maintain body energy 
equilibrium. The conclusion reached by Reid was that appetite was the 
greatest limitation to large milk yields. Reid further suggested that 
feeding standards were mainly of academic significance during the first 
two or three months of lactation for high producing cows peaking in ex­
cess of 80 pounds FCM per day. Even ^  libitum feeding is inadequate to 
keep such cows in body energy equilibrium. 
Similarly Moe and Flatt (98) point out that calculation of total 
energy requirements is a futile exercise in mathematics if the animal 
will not consume the feed provided. They state, "It is becoming in­
creasingly clear that the feeding of dairy cattle involves ^  libiturn 
feeding of many animals during substantial portions of the lactation 
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period. In the case of high producing animals, the major concern.of the 
dairyman may well be not with calculating requirements for individual 
animals, but with devising methods of increasing (maximizing) total in­
take . " 
Comment 
Conclusions as to the effect of various hay and grain combinations 
upon voluntary intake differed from experiment to experiment. Treatment 
of cows before the experiment, stage of lactation, body condition, and 
genetic potential of the cows for milk production also undoubtedly dif­
fered from experiment to experiment. These environmental differences, 
often unrecorded, complicate the comparisons between experiments. 
There appears to be considerable disagreement as to the effect of the 
percentage of concentrate in ration on dry matter intake. It may be 
safer to generalize about the effect of the percentage of concentrate in 
the ration on the total ENE intake. The intake of ENE appears to increase 
as the percent concentrate in the ration increases from zero to 30 or 40 
percent. Further increases in percentage of concentrate may increase ENE 
intake by small amounts. 
Intake plays an important role in the increased milk production ob­
served when a greater portion of grain is included in the diet. The in­
creased production is primarily due to greater energy intake, thus allow­
ing a fuller expression of the inherent ability of a cow to produce 
milk (Reid, 112). 
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Studies of Energy Utilization 
In studying energy utilization the animal scientist has often used 
elaborate equipment and extensive labor to study a relatively small 
number of animals. Working upon the premise that energy may be converted 
to different forms, but never created nor destroyed, energists have 
attempted to determine how the energy in a given ration is divided or 
parcelled among various uses and means of disposal as the feedstuff is 
utilized by the cow. In simplest terms, the animal scientist starts by 
determining the energy within a sample of the feedstuff as indicated by 
its heat of combustion. An attempt is made to determine the portion of 
the energy that is eructated and lost as methane and other gases as a 
major portion of the food is broken down by bacteria, the portion that is 
absorbed from the gastrointestinal tract and finally the remainder that 
simply passes through the digestive tract to be excreted as a part of the 
feces. The study contines to see what happens to energy absorbed from 
the GI tract. Part of the absorbed feedstuff is used as energy for blood 
circulation, lung movement, and other numerous muscle contractions involved 
in everyday existence. Some of the absorbed energy is used for rebuilding 
worn-out cells, and building new cells in natural growth and maintenance 
processes; and some is stored. The innumerable body processes produce heat 
plus energy containing metabolic waste products. The heat may be dissi­
pated through the lungs or lost as radiant energy while the metabolic waste 
products are primarily removed via the urine, but may be lost through the 
lungs or discarded back into the digestive tract. Since the animal 
scientist is restricted to measuring the energy that goes in and the 
energy that comes out when studying a normal intact-animal, the task of 
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determining energy usage within the body is extremely complex. 
Prior to 1961, 110 complete energy balance trials had been conducted 
and published on a total of 38 lactating dairy cows. More recently Flatt 
(46) and coworkers have conducted another 250 trials under controlled 
conditions. By necessity, these trials tend to be of short duration, 
several weeks at the most. None of these studies has attempted to 
isolate cow ability and stage of lactation effects'. For cows of dif­
ferent abilities and in different stages of lactation, average results 
were found. 
These studies were not conducted to predict cow response to added 
feed inputs but rather to determine the energy requirements of various 
activities. Results of these studies can be used to estimate the energy 
(feed) requirement of a 1,400 pound cow that is currently producing 60 
pounds of milk per day and not gaining weight. The results do not tell 
how much more feed must be fed to the above cow to make her produce 62 
pounds per day. Requirement estimates do not predict how much of an 
additional feed input will be used for milk production versus how much 
of the feed will be converted to body fat for various levels of milk 
production and at different stages of the lactation. 
Many economists and some practical husbandrymen have been guilty of 
misunderstanding requirements tables. Statements of requirements are 
not input-output relationships. Moe and Flatt (98) have put the use of 
requirements on the proper perspective in the following statement: "The 
expression of the net energy of a particular diet is a statement of the 
milk producing potential of that diet and is not a guarantee that a given 
animal will ingest it or having ingested it will produce the appropriate 
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quantity of milk. This will depend on the genetic ability of the animal 
to produce milk as well as a host of management factors. The great value 
of net energy values is in comparing the relative merit of alternative 
feeds and being able to determine how much of a given diet is required by 
an animal of known producing ability rather than predicting how much milk 
will be produced from a given feed input." 
Differences between various requirements systems currently in use 
have been graphically illustrated by Coppock and Tyrrell (35). The dif­
ferences in the various requirements are small for milk production levels 
below 50 pounds per day. Differences in requirements above this level of 
production are larger and dependent upon the relative importance attached 
to decreasing ration digestibility occurring with increasing levels of 
energy intake and the opposing energy gains of reduced methane and urinary 
energy losses. The amount of decreased digestibility with increasing 
levels of feed intake is small. The maximum is Reid's estimate of a 
four percent decline in digestibility with each energy increment equal to 
the maintenance requirement. For all requirement lines milk per unit of 
required energy increases steadily to the top production levels of 100 
pounds per day. 
Sometimes economists, dairymen, and even nutritionists appear to take 
these requirements as absolute quantitative estimates. They are meant to 
be guides. The following statements on the use of requirements tables put 
forth the opinions of two scientists. Reid (111) states, "A feeding-
standard energy allowance is just a minimum guideline to which the dairy­
man can add (feed input) under certain situations to exact a more profit­
able yield from certain cows. Dairymen can be taught principles which 
will provide them with the means to improve upon the minimum guidelines 
set forth in general rules of thumb. It seam's far less important that 
the dairyman applies the rule book to the last pound than he applies 
principles which guide his business towards general improvement and greater 
profit." 
Emery (43) is even more candid in this remarks: "The precision of 
composition or requirements table becomes rather meaningless when applied 
to a particular feed or animal. A quick look at the ranges in feed 
composition in the NRC publications or at the literature from which 
average nutrient requirements have been derived provides reasonable 
assurance that the problem in hand is not average since the average 
appears only on paper. Extreme precision is neither real nor necessary." 
Dr. Emery apparently favors simpler rules of thumb for estimating energy 
requirements, ration consumption, protein and mineral requirements as 
opposed to more complicated tables and formulas. 
The largest advantage of the energy metabolism approach to feed 
evaluation is that such trials provide a quantitative estimate of the ex­
tent to which cows are utilizing body fat as an energy source or are 
depositing tissue while lactating. The immense capacity of the dairy cow 
to mobilize body fat is often not accurately reflected in body weight 
changes (Flatt, 46). 
Flatt has recorded large levels of tissue metabolism that have not 
been reflected by weight losses. He suggests that perhaps the mobilized 
fat is replaced by water and that large differences between observed feed 
input-milk output efficiencies of different trials may be largely due to 
unaccounted-for tissue changes. 
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Numerous biochemical studies have been conducted to complement en­
ergy and feeding trials. An excellent review by Armstrong (6) relates 
the biochemistry involved from food ingestion to milk secretion. A book 
by Blaxter (IS) also reviews energy and biochemistry studies. Bio­
chemical studies have resulted in many qualitative but few quantitative 
relationships which relate food inputs to milk outputs under practical 
feeding conditions. 
The Effects of Age, Body Size, and Body Condition 
The effect of age, body size, and body condition upon the milk pro­
duction of the cow are difficult to characterize. It is simple enough 
CO make generalizations about a population of cows, but to make meaning­
ful statements about the effects of the above variables upon the pro­
duction of a small group of cows observed over a relatively short period 
of time is extremely difficult. 
The two measurable parameters most often used to characterize body 
size are age and weight. Linear measurements such as heart girth, length 
from withers to hocks, and height at the withers have also been used as 
indications of body size. Body condition has primarily been estimated by 
visual determination and by ratios of height and weight. 
Effects of age 
The general effect of age was pointed out by Lush in a 1950 publica­
tion (Lush and Shrode, 82). "It is well-known that milk production in­
creases with age at an every-deereasing rate until maximum production is 
reached at around si'x to eight years. Production then begins to de­
cline." Lush presents graphs of the various estimates available at that 
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time. 'Numerous estimates of the effects of age upon milk production have 
been made since then, but all have the same basic shape (Miller e_t , 93). 
In accordance with its usual tendency to move the opposite direction as 
total milk yield, milk fat percentage appears to decline as age increases 
toward maturity (Waite e_t aj^., 142; Blanchard ejt , 17). 
Recent estimates by Miller and Hooven (95) noted that after age 
effects were adjusted for weight, small increases in gross efficiency 
occurred with increasing age up through the fourth lactation. In terras of 
percent change, the effects of age on efficiency were much smaller than 
the effects of age upon production. Freeman (48) has noted that the 
small increases in efficiency that occur as the cow matures reflect re­
duced growth requirements as the cow approaches maturity. 
Milk production over the lactation is also affected by age. Younger 
cows produce less milk at peak lactation, but appear to be more persistent; 
i.e., milk production declines less rapidly. 
Effects of weight 
In a 1935 publication, Brody and Ragsdale (23) stated that Dairy Herd 
Improvement Association records indicated that a 250 pound annual increase 
of four percent milk was associated with each 100 pound increase in body 
weight. They estimated that for the normal within-breed variation of 
weight, small cows were about three percent more efficient (pounds FCM/ 
pounds feed) than large cows. They felt that from a profit standpoint, 
the small increase of efficiency of the small cow was counterbalanced by 
a higher investment and overhead cost for such a cow to produce a given 
total amount of milk. 
In 1962, Erb (45) summarized prior data and concluded that when 
comparing cows of the same age, a 100 pound increase in weight would re­
sult in a 200 to 250 pound annual increase in four percent FCM production 
and that weight would account for only about one percent of the total 
variance in yield of cows of the same age. 
Recent work by .Miller and Hooven (94) attempted to look at the 
effect of weight after the removal of age effects. This study was con­
ducted upon 1,004 lactations of Holsteins within the USDA herd. They 
concluded that milk production increased up to about 1,400 pounds live-
weight and then decreased with further increases in body weight. Body 
weight was measured as the average of all weights during the lactation. 
All cows were fed for maximum production on fairly high roughage diets. 
In another report (Miller and Hooven, 95) indicated that efficiency, 
FCM production per therm ENE consumed, increased as weights increased to 
approximately 1,100 pounds and then slowly decreased. The differences 
between maximum efficiency and efficiency for a 1,600 pound cow was 
less than ten percent. The authors gave no indication as to whether the 
higher weights primarily represented fatter cows or whether they were re­
lated to increased skeletal size. 
The exact effect of weight upon feed utilization is not clear; how­
ever, its effects seem small when compared to variation of efficiency among 
c ows . 
Problems of weight variation 
Body weight is the most used indicator of body size even with the 
obvious problems of differing degrees of fatness among animals and the 
great variation that occurs in day-to-day weight. It is not surprising 
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to,notice a 100-pound difference between weights taken on successive days. 
The primary source of variation is in the food and liquid retained in 
the digestive tract and urinary bladder. A 1,000 pound adult cow may 
consume from 10 to 40 pounds of dry food per day and 35 to 150 pounds 
of water. Similarly an average 1,000 pound animal may excrete 10 to 50 
pounds of feces containing 80 to 95 percent water and 10 to 45 pounds of 
urine. In addition, the contents of the gastrointestinal tract, es­
pecially the rumen, tend to vary with the diet fed. Gut contents of a 
1,000 pound animal on an all-roughage diet may weigh 160 pounds while the 
gut fill of an animal receiving a 2:1 hay to grain ration may be 80 pounds 
(Blaxter, 18). 
Weight changes with the stage of lactation for high producing cows. 
Reid (111) conducted studies on cows fed to maintain a subjective body 
condition just prior to calving. Cows lost approximately 300 pounds 
from prior to calving,to 60 days postpartum; 150 pounds of this was a 
loss due to calving. 
Effect of body size in general 
Mason e_t (85) studied the relationship between FCM production and 
three measurements for body size: withers height, chest girth, and body 
weight. They felt that withers height was clearly related to skeletal 
size while chest girth and body weight tended to reflect body fleshing 
and responded to temporary changes in stress. The positive correlations 
that they obtained between production and weight, and between production 
and heart girth were small and nonsignificant. In contrast, the positive 
correlation of height at withers with milk yield approached significance 
at the five percent level. They also found,a negative correlation of -0.31 
of gross efficiency with height independent of milk yield. They concluded 
that for a given milk yield, the taller animal was less efficient, but 
overall the taller animal was more efficient "because the increase in 
yield overweighs the increase in maintenance requirements." 
The association of milk production and weight gain 
Weight gain during early lactation and over çhe entire lactation is 
related to the age of the animal. Average gains observed by Miller et al., 
(96) during a ten-month lactation were 185 pounds for first calf heifers 
and 75 pounds for older cows. The authors suggested that the slight gain 
they observed among the heifers during the first two months of lactation 
was explained by continued growth and lower production. Older cows 
characteristically lost weight during the first two months of lactation, 
apparently from mobilizing body reserves for milk production. Growth 
and age also affects weight change of cows during the second and later 
parities. Mature skeletal size is reached at approximately five years of 
age while body weight apparently continues to increase until about seven 
years of age (Matthews and Fohrman, 88). 
Nutrition and weight changes 
The primary factor affecting weight gain is the level of energy in­
take in relation to milk production and other needs. The influence of the 
level of energy upon weight gain is masked by growth, age, stage of lacta­
tion, and ration gut fill effects. Weight gain can be associated with 
higher milk production in cases where cows do not receive adequate energy 
to meet their needs in relationship to their production potential. Mather 
GC a.1. (87) compared high grain with hay and silage versus hay and silage 
alone. They noted that cows receiving no grain had a net gain of 84 
pounds over the lactation while high grain fed cows gained 150 pounds 
over the lactational period. The no-grain cows produced 7,285 pounds 
milk versus 10,9.35 pounds produced by the high grain group. The high 
grain-fed cows simultaneously produced more milk and tissue. 
This observation agrees with those of Jacobson (54) who worked with 
high roughage diets. He concluded that to increase'milk production in 
any given group of cows, an increased amount of energy must be consumed 
and an increase in body weight must be expected. 
On the other hand, when cows are adequately fed, increased weight 
gains may indicate that a cow has converted her feed to fat rather than 
milk. Thus, if one were to take a group of cows of equal ability and 
feed thorn different levels of feed, increased milk production and in­
creased weight gain would be expected. However, if one were to take a 
group of cows widely different in ability and feed them similar levels of 
intake, the higher weight gain would be associated with the lower ability 
cows, and hence, with lower levels of production. This latter situation 
appears to be the case in many sets of data. 
Work at the USDA (Miller and Hooven, 95; Miller and Hooven, 94) in­
dicates that both FCM production and gross efficiency, FCM per therm ENE, 
decrease in an almost linear manner with increasing weight gain for cows 
fed for maximum production. Weight gain was measured as the difference 
between the weight at the beginning and the end of a ten-month lactation. 
No significant weight by weight gain interactions were found. Similar ob­
servations were made among first lactation heifers (Hooven ejt , 59). 
Production, efficiency, and intake all decreased as the amount of weight 
gained in the first lactation increased. 
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A study by Ronning and Laben (117) illustrates the problems caused by 
differences in gut fill due to the feeding of different rations. Ob­
served weight gain no longer reflected true body condition. Dry matter 
consumption and gut fill increased with increasing levels of hay in the 
diet. Body condition decreased with increasing percentages of hay. None 
of the weight gain differences were significant; however, visual observa­
tion of body condition revealed obvious differences between the groups. 
Heifers receiving an all-concentrate ration were quite fat after three 
months on test. The cows receiving a 90:10 roughage-concentrate ratio 
were very spare and obviously had lost condition; however, this group 
appeared normal by the end of the lactation. L A 60:40 group carried normal 
fleshing throughout the experiment but began to fill out rapidly near the 
end of the lactation while those receiving a 30:70 diet were over-
conditioned throughout the trial. In this case, tissue weight losses 
were offset by gut fill so that liveweight differences did not adequately 
reflect tissue losses. 
Efficiency of fat mobilization 
The economics of fat deposition and subsequent fat mobilization for 
milk production are not well understood. Early advocates of lead or 
challenge feeding partially justified their recommendations on the premise 
that large weight losses during early lactation and subsequent gains are 
energetically wasteful. It was postulated that the process of converting 
food to fat and then mobilizing fat to produce milk is an inherently less 
efficient process than direct utilization of nutrients for milk production 
(Reid, 112). However, recent work by Flatt and Moe (47) indicates that 
this energy differential may not be as great as previously believed. 
More recently. Rakes (110) has suggested that perhaps the deposition 
of some body fat during the later portion of the lactation may be an 
economical way to obtain extra milk during the subsequent lactation. His 
suggestion stems from work by Davenport and Rakes (37). They observed 
that cows in high condition at parturition produced more milk than cows 
that were,thin at parturition. The fat cows lost more weight than the 
thin cows; however, intake was similar for both groups. The observation 
that fat cows produce more milk disagrees with earlier work by Schmidt and 
Schultz (120) which indicated that the condition of cows at calving did 
not effect subsequent milk production. They found that fatter cows lost 
more w.'ight during the lactation without a compensatory increase in milk 
production. Later observations by Emery ejt (44) agree with those of 
Schmidt and SchuLtz. 
Rakes' findings also disagree with work, by Gardner (49) who suggests 
that mobilization of fat produces stress within lactating cows by in­
creasing blood ketone levels. Gardner found a 115 percent maintenance . 
allowance during the prepartum period adequate for maximum production 
during the subsequent lactation. He found no advantages to bringing 
animals to a highly fleshed condition prior to paturition. 
Comment 
It may be very misleading to make broad generalizing statements con­
cerning the relationship between weight change and feed-input milk-output 
coefficients. The effect of weight gain must be evaluated in relation to 
differences in diet, stage of lactation, age, and initial body condition 
of the cow, and the length of the time period being considered. 
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Attempts to find studies that quantify the increases in intake 
associated with changes in age and weight were unsuccessful. While pro­
duction increases with weight and age, intake also increases with age 
and weight. Thus the resulting effects of age and weight upon ef­
ficiency are small. Efficiency apparently increases with age. Some 
disagreement exists about the effect of size upon efficiency but there 
appears to be a slight decrease in efficiency with increasing body size. 
The effects of age and weight upon efficiency are much less than in­
dividual variation. 
Efficiency as Affected by Level of Production and Level of Intake 
Figure 1, a diagram similar to one hypothesized by Mason e_t _aJ. (85) 
in 1957 will be used as a focal point for the discussion of efficiency. 
Mason has hypothesized that the input-output relationship for individual 
cows at a given point in time may be similar to curves I or II. Curve I 
represents a cow of high ability; curve II represents a low ability cow. 
The more vertical line OA represents a requirements line such as has been 
suggested by NRC. Mason used this diagram to point out that for any 
group of cows fed according to a given feeding standard, selection for 
level of production will automatically lead to an increase in gross 
efficiency (milk per unit of feed). 
As inferred by previous discussion of energy requirements, the re­
quirements line represents the locus of points of energy equilibrium 
for input-output relationsships for various levels of production. Energy 
equilibrium is the state of energy utilization where the rate of energy 
mobilization from body stores equals the rate of deposition of energy 
into body stores; i.e., weight gain is zero. 
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Figure 1. Proposed theoretical relationship between requirements line 
and input-output curves 
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The input-output relationships proposed by Mason agree in principle 
with relationships published by Blaxter on page 123 of his book (Blaxter, 
18). The relationships were synthesized from average values for an 
entire lactation. Blaxter forced all input-output curves to pass through 
the theoretical maintenance requirement. 
The diagram published by Blaxter has been modified slightly by Dean 
et al. (39) for use in a linear programming procedure. As pointed out by 
Dean the relationship is one that changes with the ability of the cow and 
stage of lactation. These synthesized relationships suggest that cows 
capable of producing large quantities of milk also produce more milk per 
unit of feed intake. At a given level of intake, high producers secrete 
more additional milk for each additional unit of feed intake. Both 
average and marginal product is greater for the higher producer. Dean 
emphasized that these relationships are very tentative. 
Evidence of decreasing returns around the stomach line 
Given the assumption that common feedstuffs substitute for one an­
other at a constant rate over the ranges specified in standard feeding 
tables, the majority of the experimental evidence would appear to support 
Mason's diagram representing decreasing gross efficiency (average product) 
for increasing levels of intake for a given cow. Both Mason's and Blaxter 
diagrams show decreasing gross efficiency over the portion of the input-
output curve lying to the left of the requirements line, and in most cases 
they show segments of decreasing gross efficiency to the right of the re­
quirements line. 
It should be remembered that most trials consider data around the 
stomach line and not increasing levels of the same ration or increases in 
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one feedstuff while others are held constant. Several studies indicate 
Chat gross efficiency, measured in terms of pounds of FCM per pound of 
TDK, decreases with increasing levels of intake. Olson ^  al.(105) fed 
two rates: the first was hay and grain ad libitum, and the second was hay 
ad 1ibiturn with 1:3.5 grain to FCM ration. Production of FCM for the 
ad 1ibItum and control rations was 54.6 and 43.3 pounds per day and FCM 
production per pound of TDN was 2.2 and 1.7 pounds for the respective 
rations. Bishop e_t al. (16), Brown _et (26), and Olson £t (105) 
all observed reduced gross efficiency for use of TDN when libitum 
feeding of concentrate and restricted roughage intake was compared to 
conventional rations. Similarly, higher levels of concentrate feeding 
resulted in lower gross efficiency of feed conversion in studies by 
Putnam and Loosli (109), Ronning (116), and Hooven and Plowman (50). 
Rather small but decreasing levels of gross efficiency can be cal­
culated from data reported by Mather e_t (86). This trial was conducted 
for three lactations. It also demonstrates the effect of ability on 
efficiency. Cows with an estimated 245 day potential of 8,900 pounds FCM 
produced 0,58 pounds of milk per pound of grain consumed while those with 
a potential of 11,700 pounds FCM gave 1.35 pounds milk per pound of grain 
fed. Mather found no evidence of diminishing returns to grain addition 
around the stomach line for the high potential cows and relatively little 
for the lower potential cows. In comparing eight different groups, four 
showed evidence of diminishing returns, and the remaining four showed 
evidence of increasing returns. 
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Diminishing returns to increasing levels of intake 
The effect of diminishing returns (declining marginal product) of 
milk production with added increments of feed input for an individual 
cow were first recognized by Armsby (5) more than 50 years ago. 
Scientists such as Armstrong (6), Baumgardt (12), Blaxter (18), and 
Reid (112) talk of diminishing returns as an accepted fact. For example, 
Reid (111) states requirements tables are usually based on the assumption 
that the cow's body is in a state of energy equilibrium (absence of weight 
gain); however, this state is seldom true in practice. He concludes, "In­
creasing levels of inputs usually result in increasing rates of body gain 
and therefore, every-deereasing milk producing value of the ration as in­
take increases." Armstrong's (6) opinion is that diminishing returns are 
primarily the result of a greater portion of the energy available for 
milk production being shifted to fat deposition as energy intake is in­
creased . 
Yet because of the cow's ability to mobilize body tissue and the 
great differences in efficiencies of different cows, statistical proof 
of this phenomenon is difficult to generate. Acceptable statistical 
proof could be found from a trial in which the same ration combination is 
fed at Increasing levels of intake (four levels, preferably five or more) 
with a polynomial curve and a lack of fit regressed upon the resulting re­
lationship. A 1941 study by Jensen e_t (65) supposedly demonstrated 
the effect of diminishing returns upon milk production. In that study, 
higher levels of intake were synonomous with higher levels of grain in the 
ration. The regressions of TON intake upon FCM production were forced 
through the point of zero milk output and maintenance input which was a 
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hypothetical point, not an actual observation. 
Most trials obtain higher energy intakes by including more grain in 
the ration, If one was to observe decreasing average efficiency with 
higher grain levels, one could not tell if the decrease was due to 
higher energy intake or higher percentages of grain in the ration. 
Increasing or decreasing efficiency with added feed inputs 
Apparently not all animal scientists have agreed upon the effect of 
level of inta'.ce upon the gross efficiency of the individual cow. Van 
Soest (141) has suggested that maximum efficiency for milk production 
probably exists at the hay-grain ratio where milk fat begins to be de­
pressed. In contrast, the Mason diagram. Figure 1, suggests that gross 
efficiency is decreasing for all practical levels of intake. 
In 1967 Baumgardt (12) made the statement that gross efficiency in­
creases with increased- intake up to the point where diminishing returns 
become important. Was Baumgardt discussing the individual cow at a 
given point in time? In looking at the diagram produced by Coppock 
et al. (34) a year earlier, it is apparent that none of the contemporary 
requirements lines exhibit diminishing returns to a degree that allows 
gross efficiency to reach a maximum. All indicate gross efficiency in­
creases at least up to 100 pounds milk production. Few cows can eat 
enough to energetically support 100 pounds of milk production. Is it 
possible that Baumgardt has confused efficiency comparisons among cows 
at energy equilibrium with the input-output relationship for an in­
dividual cow? 
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Efficiency of different cows at the same stage of lactation 
The Mason diagram. Figure 1, indicates that gross efficiency in- • 
creases with increasing levels of production of different cows which are 
at the same stage of lactation. Efficiency varies considerably among 
cows. McGilliard (Hoglund al., 58) has pointed out that the amount 
of milk prpduced by individual cows will vary much more than the amount 
of feed they consume. Efficiency among cows is highly correlated with 
the level of milk production. The correlation between efficiency and 
level of feed intake is much less. 
From population studies. Freeman (48) has reported correlation co­
efficients between milk yield and gross efficiency of 0.70 to 0.85 as 
compared to correlation coefficients between gross efficiency and TDN 
or ENE intake of 0.2 to 0.3. 
A somewhat different picture of the correlation of milk production 
with efficiency was given by Juhmah e_t (70) in a study involving nine 
high producing cows. A correlation coefficient of 0.25 was found between 
production level for the first 210 days and net efficiency. In calculating 
net efficiency, intake was corrected for weight gain and maintenance. 
The gross efficiency of these animals ranged from 35 to 47 percent. This 
was higher than the population gross efficiency estimates of 28 to 34 per­
cent made by Brody (22). Gross efficiency was defined as FCM multiplied 
by 340 Kcal divided by digestible energy intake. The cows produced from 
16,000 to 22,000 pounds of milk in 305 days. Of the nine cows, the top 
producer was the most efficient in terms of net efficiency, the second 
highest producer ranked seventh, the next to lowest producer ranked last, 
and the lowest producer ranked third in efficiency. This study found 
50 
considerable variation in efficiency among individual cows with similar 
levels of production. 
There does not appear to be evidence to indicate a ration by geno­
type interaction. The relative ranking of cows according to production 
tends'to be similar regardless of ration fed (Freeman, 48). However, Mao 
and Burnside (84) have reported a significant interaction between sire 
proof and level of grain feeding. Lamb and Anderson (73) reported a 
bull whose daughters were the most efficient when fed roughage but least 
efficient on high grain rations. These cases appear to be exceptions. 
In general, it appears that large increases in efficiency occur with 
increasing annual levels of production. This generalization is based on 
data from low and medium producing cows. Many available population 
studies appear to have involved animals producing at levels of production 
of 4,500 to 15,000 pounds per year. The large variation among cows and 
the small numbers of high producing cows in these studies most likely 
preclude the fitting of meaningful curvilinear relationships. It may be 
very misleading to extrapolate the production relationships for low and 
medium producing cows to obtain production relationships for cows that 
produce 15,000 to 25,000 pounds per year. 
Effect of stage of lactation upon input-output relationships 
Work by Miller and Hooven (95) indicates that gross efficiency de­
creases as the lactation progresses. Efficiency declined from 2.4 pounds 
FCM per therm ENE during the first week of the lactation to 1.8 pounds FCM 
per therm ENE at three months postpartum and then declined more slowly to 
about 1.4 pounds per therm at eight months. This suggests that curves I 
and II of the Mason diagram could also represent input-output relationships 
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for different stages of the lactation of the same cow. This does not imply 
Chat the curve for a low ability cow in early lactation is necessarily 
the same as a curve for a higher producing cow producing equivalent levels 
of milk in her later stages of lactation. The curves for the two cows 
may intercept the requirements line at the same point, but may be con­
siderably different elsewhere. 
Changes in coefficient of variation of efficiency over the lactation 
The variation of feed efficiency among cows is large. Miller and 
Hooven (95) estimated a coefficient variation for the first week of the 
lactation was of approximately 23 percent, reaching a low of about 14 
percent during the third month of the lactation and then increasing to 
about 25 percent by the end of the lactation. The increase during the 
last two thirds of the lactation was most rapid during the last three 
months. 
Effects of Temperature 
Relatively few studies have been conducted on the effect of tempera­
ture upon feed input and milk output relationships. Temperature effects 
are not readily measurable from field data. Temperature varies with the 
season of the year, and numerous feeding and management practices also 
vary with the season. Some information is available from a limited 
number of laboratory studies. 
The primary cooling mechanism of cows appears to be from the evapora­
tion of moisture in the lungs (Brody, 22). Both temperature and relative 
humidity affect rate of evaporation. During periods of heat stress, the 
effects of these factors upon milk production are demonstrated in the 
following Missouri study. 
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In climatic laboratory studies, Davis and Merilan (38) and Johnson 
et al..(66) noted that a 90°F and 50 percent relative humidity reduced 
average daily milk production 7.9 pounds in early lactation and 2.5 pounds 
in late lactation. Feed consumption of the above group was reduced 20 
percent as compared to control cows subjected to a 65°F and 50 percent 
relative humidity environment. For a temperature of 80°F and 30 percent 
relative humidity, milk production declined 4.5 and 2.8 pounds per day 
during the early and late lactational periods. However, this level and 
the higher levels of 80°F and 80 percent relative humidity or 90°F and 
20 percent relative humidity had relatively little effect on feed intake. 
They also noted a level of potential production and temperature inter­
action whereby the milk production of potentially high and average pro­
ducers were similar at 90°F and 50 percent relative humidity. Thus, 
the high producer was most affected by high temperature stress. In 
this trial, low levels of temperature stress affected milk production to 
a greater degree than intake, thus efficiency of production was reduced. 
At higher levels of stress, both milk production and intake were sharply 
reduced. 
It has been postulated that the high heat increment of roughage makes 
it less suitable for hot weather rations. This trend appears in a study 
by Stott and Moody (130). They compared rations of 1.0 and 2.5 pounds of 
alfalfa hay per 100 pounds body weight plus concentrates under conditions 
of Arizona summer heat. The low roughage animals produced 1.2 pounds 
more four percent FCM per day and 0.3 percent less butterfat than the 
cows on the high roughage diets. The body temperature of the low rough­
age animals was 0.5°F lower. These researchers noted the most striking 
differences in production when minimum temperatures were 80 F, and daily 
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highs were between 105 F and 110 F during July and August. Little 
difference,occurred during earlier and later seasons. 
In 1967 Moody e_t al_. (101) conducted a trial where cows were sub-
o o jectcd alternately to normal barn temperatures of 60 to 80 F for two 
weeks and then to a climatic chamber temperature of 90°F with 60 percent 
humidity for two weeks. Duration of the trial was three months. Elevated 
temperatures resulted in depression of milk and milk fat, body weight, and 
feed intake. Milk yield declined about 15 percent each week the cows 
were exposed to heat stress. A review of previous related work was in­
cluded in the article. 
Cows have a great ability to acclimatize to their environment. Com­
parisons of air conditioned quarters with provision of shade often fails 
to produce significant differences in milk production (Johnston et al., 
68). Similarly extreme cold may be expected to reduce milk production; 
however, little quantitative information is available. While the short-
term effects of temperature extremes is the reduction of production and 
efficiency, there is much to be learned about the effects of changing 
temperatures as opposed to maintaining constant temperatures. Little is 
known about the acclimatization of animals to various temperatures. 
Other Considerations 
Effects of grain feeding upon health and reproduction 
While it is known that animal health and disease factors affect the 
amount of feed that a given animal requires in order to produce a given 
milk output, effects are very difficult to characterize. 
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Problems of founder, bloat, and indigestion, especially when cows are 
shifted too rapidly to high concentrate rations, are mentioned in the 
popular press (Loosli, 78; Scholl, 121). While such problems probably do 
exist, there is little documented evidence in the literature of such 
problems for rations containing at least 30 percent roughage and where 
ration changes are made gradually. 
Tremere e_t aJ. (136) has suggested that when ruminants are changed 
from a primarily forage diet to one of increasing rates of daily con­
centrate intake, a point is reached where acute indigestion and a sharp 
reduction in ad libitum intake occurs. This condition is often called 
off feed. Tremere studied this phenomenon with concentrates primarily 
comprised of wheat. Corn normally creates less off feed problems than 
does wheat. They suggested that daily incremental increases in con­
centrates be no more than seven grams per unit of metabolic weight. 
Little research has been conducted on the problems of off feed. 
Incidence of bloat associated with feeding 70 percent or more con­
centrate rations have been reported by Kesler and Spahr (71). Cornell 
studies (Tyrrell e_t , 138) used liberal grain feeding for 50 high 
producing cows that experienced 26 percent mortality over a period of three 
lactations. Other than some association of deaths with the treatment 
where corn silage was fed as the only source of roughage, the researchers 
did not feel that the death loss was attributable to high grain feeding 
per se. , This study suggested that liberal grain feeding in excess of 20 
pounds per day tended to reduce reproductive efficiency as measured by 
services per conception and length of calving. 
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Studies by Gardner (49) have suggested that "high Levels of grain 
feeding during prepartum which result in highly fleshed cows at parturition 
may lead to an increased incidence of ketosis. Similar evidence has been 
presented by Emery e^ al• (44). One group of cows were fed grain 21 
days prepartum while the other group received no grain until five days 
postpartum. Prepartum grain feeding increased the prevalence of milk 
fever, increased the level of udder edema, and about doubled the in­
cidence of mastitis in this study. This later study supports earlier 
work by Schmidt and Schultz (120) who also observed udder edema with 
prepartum grain feeding. 
The relationship between roughage-concen.trate ratio, level of intake, 
and incidence of reproduction problems and mastitis are relatively un­
known. Nevertheless, these two problems are major and costly in terms 
of milk production lost and cow replacement costs. Bath (10) has re­
ported a herd that experienced a 21 percent animal culling rate. Of 
those culled, 30 percent were culled for reproductive failures and 10 
percent were culled for mastitis. 
While health problems may be associated with high levels of energy 
intake and hence associated with higher levels of production, establish­
ing direct causal relationships between levels of grain feeding and 
health problems is very difficult. 
Elements of uncertainty reflected in current recommendations 
Recommended minimum daily levels of hay intake appear to have risen 
steadily in the last several years. In 1965 Ainslie (2) stated that six 
to nine pounds of hay were required to prevent milk fat depression. 
Moody et aJ. (101) recommended a daily minimum of 1.25 percent of the body 
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weight to prevent fat depression. In 1969 Dean _et (39) recommended 
1.50 percent of body weight and Gardner (49) suggested a minimum daily 
intake of 2 percent. The latter recommendation is approximately the same 
as setting a maximum of 40 to 50 percent concentrates for cows that would 
eat 45 or 50 pounds of air dry feed per day. This recommendation appears 
similar to that of Scholl (121) who in 1965 strongly criticized high grain 
feeding for causing health and weight problems and suggested that 18 pounds 
of concentrate per day be the maximum amount fed. The purpose of Moody's 
and Dean's statements of hay restrictions were explicitly stated as 
being the prevention of milk fat depression. The purpose of the higher 
hay restriction set by Gardner was to prevent excessive weight gains and 
perhaps to insure against ketosis. This great variation in proposed 
minimum hay restriction demonstrates the uncertainty present among those 
trying to prescribe rations for dairy cattle. To point out this uncertain­
ty regarding the economic effects of grain feeding on butterfat production, 
weight gain, and health considerations is not to be critical, but only to 
demonstrate a fact of life. 
Comment 
In spite of more than 100 years of research on the subject, much doubt 
still exists as to the basic relationships between milk production and 
feed intake. Input-output relationships for the individual cow are mostly 
in the hypothesis stage. There appears to be disagreement among scientists 
as to the nature of the slopes of input-output relationships. All agree 
that diminishing returns exist but where it starts and to what extent it 
occurs cannot be agreed upon. There is much lack of knowledge and dis­
agreement concerning these most basic average relationships. 
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Economic Studies 
Attempts have been made to isolate economic factors affecting levels 
and profitability of milk production. These attempts to isolate factors 
by regression analysis have met with very limited success. By using data 
from 100 herds and employing ten variables, Hansen (51) accounted 
for 45 percent of the variation in milk production. Among the more im­
portant variables were percent days in milk, hay score, and appearance 
of calf-feeding areas. Earlier studies by Starkey et al. (126) accounted 
for 24 percent of the total variation in milk production by using 14 
variables. Later McKinney e_t (91) used 13 variables to account for 
31 percent of the total variation in milk production among 305 herds. 
More recently Miller e^ (97) investigated variation in income 
over feed cost for 1,802 herds. They concluded that most of the variation 
associated with income of feed cost is associated with production level 
and milk price. Level of grain fed had a positive association with income 
over feed cost, but level of forage intake had little relationship to in­
come over feed cost. Similar results were observed by Miller (92) in a 
later study. Concentrate intake was the only feed estimate that had a 
marked association with both yield and income over feed costs levels. 
Response surfaces 
The conceptual framework often employed by economists to answer ques­
tions regarding profit maximization is the concept of the response surface 
or the production function. The response surface can be used as a mathe­
matical and graphical method of approximating the quantitative dependency 
of a product upon various inputs. A simple example is a three-dimensional 
response surface where the vertical axis represents.an output such as a 
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fat corrected milk (FCM), one horizontal axis represents an input such as 
roughage, and the other axis represents concentrates. While a response 
surface may be presented graphically only in three dimensions, mathe­
matically the response surface can have many dimensions. Thus, a single 
product can be represented as the function of numerous inputs. 
In establishing a theoretical framework to use the response surface 
in a production situation, the economist normally makes the following 
assumptions: (a) the product is homogeneous; all units of output are 
identical, (b) each input is homogeneous; i.e., one pound of roughage is 
exactly like any other pound of roughage, (c) the time involved in the 
production process is constant for all combinations of inputs and outputs 
represented in a single response surface, (d) the response surface re­
presents one single method of production, and (e) there is a smooth causal 
relationship between inputs and outputs. 
In addition to the above basic assumptions, an economist often 
associates the following characteristics with a response surface (Dillon, 
40): (a) diminishing returns--if one input is increased while all others 
arc held constant, the additional output from succeeding units of a given 
input eventually becomes less and less, (b) decreasing returns to scale--
an equal proportionate increase in all inputs results in a less than 
proportionate increase in output, (c) curved contours of equal output. 
Given the above conceptual framework of the response surface and an 
adequate supply of inputs, the combination of inputs which will maximize 
profits can be determined by simultaneously finding the least-cost 
combination of inputs to produce a given level of output and that level 
of output where the value of the last unit of the output produced just 
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pays for the combination" of inputs required to produce it. In other words, 
production is incrementally increased as long as a profit can be made on 
the last added increment of production. 
The pioneer effort to relate milk production to economic input-output 
concepts was conducted by a group of USDA workers in the early forties. 
Jensen e_t al. (55) used a total of 346 cows, at ten state experiment 
stations, to obtain 469 annual feed and production records. At four 
stations, feeding levels were based on different constant percentages 
of the Haecker standard. At the remaining stations, cows were fed one 
of several milk to grain ratios throughout their lactations. An in­
dividual cow was carried on one feeding regime for the duration of the 
three-year experiment, or until she was removed from the experiment. A 
Spillman response curve was fit to the data with annual production of 
four percent FCM on the vertical axis and annual TDN intake on the 
horizontal axis. Jensen recognized that if the milk response curve was 
nonlinear, then the most profitable level of feeding likely varies over 
a range of grain to roughage combinations depending upon the prices' of 
grain, hay, milk, and the ability of the cow. Jensen also realized the 
importance of a long-term trial in determining rations for long-term 
profit maximization. While Jensen set out to prove that additions to 
milk output decrease as additional units of feed are fed, the limited 
range of the data, the use of the same average maintenance requirement 
for all cows, and the choice of the Spillman curve made diminishing re­
turns an inevitable conclusion. In addition, roughage intake was esti­
mated in some trials, and the experimental design did not allow for the 
estimation of substitution rates for feedstuffs. 
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The basic logic of input-output relationships for dairy cattle were 
outlined by Heady (52) in a 1951 article. Milk was the product produced 
by two inputs, hay and grain. Both a Cobb-Douglas and a quadratic equa­
tion were among those fit to data from the Jensen e^ al. (65) study. 
Isoquants concave to the origin were obtained for the quadratic function, 
and isoquants convex to the origin were obtained for the Cobb-Douglas 
equation. For a 50 percent concentrate ration, b.oth equations indicated 
a decreasing average product (gross efficiency) as intake was increased. 
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Apparently, differences between R and t values for the two equations were 
small. 
In 1954 Allen (3) reviewed the literature on dairy production functions 
up to that time. An attempt to elucidate the substitution relationship 
between forage and concentrate was attempted. Data on 167 cows from six 
experimental stations were used in the study. Level of intake and cow 
ability were confounded in the resulting functions so that higher levels 
of milk production represented both increased feed intake and increased 
cow ability. He found essentially straight line isoquants. However, he 
rejected them as he interpreted near linear isoquants to indicate either 
an all-hay or all-grain ration would be optimum except for a very small 
range of hay-grain price ratios. 
Iowa State University (Heady e^ , 55) libitum fed 36 cows a 
ration of seven pounds hay to four pounds concentrate during the first 
nine weeks of their lactation. Four experimental rations were fed during 
the following 26 weeks. The ratios of energy (ENE) derived from hay ver­
sus energy from concentrates were as follows for the four rations: 75:25, 
55:45, 35:65, and 15:85. Feed intake was restricted according to the 
Morrison Standard such that a cow would produce at a rate of either 9,000, 
11,000, or 13,000 pounds FCM per 243-day lactation. Data from this ex­
periment was used to' estimate a three-dimensional response surface with 
concentrate and roughage on the horizontal axes and FCM output on the 
vortical axis. FCM production during the 50-day period preceding the ex­
perimental period was used as a covariate. Curved response surfaces 
were fit using total FCM production and total feed intake for the experi­
mental period as regression variables. Additional surfaces were fit by 
using the chronological number of the week of the lactation as an auxil­
iary variable and also weekly FCM production totals and weekly feed in­
take totals as variables. 
In 1963 Gossling (50) compared several field studies with 1956 pro­
duction function fit upon the Iowa State data (Heady e_t ^. , 55). He 
found about a ten percent coefficient of variation for differences be­
tween the ISU production function and some of his data. He concluded that 
a large portion of the milk production surface had been elucidated by the 
ISU study and several more experiments should completely specify the 
surface. 
A second Iowa State experiment (Heady, e_t ^. , 54) commencing in 1956 
observed 36 lactations from 28 Holstein cows and 12 lactations from nine 
Brown Swiss cows. Rations and experimental procedures were similar to the 
first ISU experiment except the experimental period lasted only twelve 
weeks. Analysis of the experiment was also similar except only weekly 
totals were used to fit response surfaces and the following additional 
variables were considered: coefficient of inbreeding, body weight at the 
beginning of the experimental period, outside temperature, and age of the 
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cow. For, each week, optimum points of production were estimated for 
various milk, concentrate, and hay price ratios. The article implied that 
profit could be maximized over the experimental period by adjusting the 
ration each week so that the particular profit maximizing ration for that 
week was fed. Except for several graphical presentations of the sur­
faces where a limited number of observations were plotted on the surfaces, 
it was not possible to readily determine what portions of the proposed re­
sponse surfaces were in the proximity of experimental points. 
From 1956 through 1961, Kansas State University (Hoover e_L , 61) 
observed 81 lactations from 49 Holstein cows. The experimental design 
was similar to the second Iowa State study except an all-roughage ration 
was substituted for the highest concentrate ration, and feeding levels 
were at the rates of 7,000, 10,000 and 13,000 pounds per lactation. An 
ad libitum level was added to estimate the stomach capacity or appetite-
satiation line. Response surfaces were fit using the total milk pro­
duction and total feed input from the last eight weeks of the 12-week ex­
perimental period. Milk production during the preliminary period, average 
body weight during the preliminary period, body weight changes, cow age, 
and cumulative barn temperatures were used as auxiliary variables. These 
workers did indicate on the estimated response surface the area that 
circumscribed the experimental points. 
2 
The second Iowa State study and the Kansas State study obtained R 
values of 75 to 80 percent by including previous production as a co-
variate. Several hundred functions were fit to the data in these studies. 
Final choices of best functions were based upon statistical criteria of 
2 
R and t values for regression coefficients as well as logical criteria. 
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Various details of production theory and discussions of economic, 
statistical, and practical problems are covered in books by Dillon (40), 
Heady and Dillon (53), Hoglund _et (58), Organisation for Economic Co­
operation • and Development (106), and a thesis by Townsley (134). Readers are 
referred to these texts if they are interested in further discussion of 
production theory as it is related to animal production. 
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PROCEDURES 
The objective of this study was to estimate a continuous function 
to relate the short-term milk production of a dairy cow to feed inputs. 
The combined data of three dairy cow experiments were to be utilized. 
With the aid of least squares regression techniques, an equation 
was to be estimated that described the milk production function during 
a two-month period of the lactation. Variables for environmental in­
fluences and cow characteristics were to be included in the functional 
estimates. Production functions estimated in previous studies and 
judged to be best for the Kansas State experiment or for the two Iowa 
State studies were also to be fit to the combined data of the three 
experiments. 
Isoquants for hay and grain input for various levels of milk pro­
duction and economic optimum for various price combinations were to be 
found. Comparisons of solutions from various subsets of the data were 
to be used as an indication of the consistency among equations estimated. 
The study was based on three dairy cow experiments of similar de­
sign. These experiments were previously discussed in the Literature 
Review in conjunction with references by Heady et a^. (55), Heady e_t al. 
(54), and Hoover ^  (61). This chapter explains procedures used in 
these experiments, examines the rations fed, and describes the data 
used in this study. Following chapters examine averages and ranges for 
various variables as well as examining numerous single equation re­
gressions. These equations are examined for functions that adequately 
describe milk production of a single cow during a short period of one 
lactation. 
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Experimental Procedures for Base Studies 
Feeding cows to produce one of three predetermined levels of milk 
output during a given time period in the lactation was the original 
strategy for conducting the experiments. Thus each cow was to be fed 
. > 
to produce at a point upon one of three milk output contours. These 
three isoquants would define a production surface which could be used 
for economic decision-making. 
However, it was decided that it would not be feasible to feed cows 
to produce a given amount of milk, and as an alternative it was de­
cided that each cow would be fed the theoretical energy intake which 
would support one of three levels of production during an eight-month 
(243 day) period. Rations fed provided a wide range of roughage to 
concentrate ratios. 
The first of the three experiments upon which this study is based 
was conducted at Iowa State University during the years 1933 and 1954 
(Bloom, 20; Heady £t , 55). This experiment will subsequently be 
referred to as ISUl. The second experiment, ISU2, was conducted with 
cows that calved during tjie fall and early winter of the years 1956, 
1957, and 1958 (Hotchkiss, 62; Heady et al., 54). 
The third experiment of the study, the Kansas State University ex­
periment, was conducted during the years 1956 to 1961. It will here­
after be referred to as KSU (Hoover et al., 61). 
Experimental design 
The experimental design was similar in the three experiments. The 
experimental treatments were Imposed upon the cows at a given number of 
days after calving. Since parturition occurred at various times, each 
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cow was handled and fed individually in a stanchion barn. 
The lactation was divided into the following periods: (1) the 
ad libitum feeding adjustment period, (2) the ability determination 
period, (3) the experimental period, and (4) the post-experimental 
period. 
Except during the ^  libitum adjustment period, milk produced and 
feed consumed were recorded. Moisture content of the feeds was 
routinely determined in the ISU experiments but not in the KSU ex­
periments. In ISUl and KSU, milk samples were collected weekly for 
butter fat determinations but were collected biweekly in ISU2. 
The ^  libitum adjustment period was the 14 days immediately follow­
ing calving. Cows were fed a ratio of seven pounds of air dry second 
cutting alfalfa hay to four pounds of air dry concentrate. By the end 
of the period, the cows were adjusted to an ^  libitum level of feed 
intake. 
The subsequent 50 days were the ability determination period. Cows 
were ^  lib itum fed the same ration used during the ^  libitum adjust­
ment period. In the ISU2 experiment, the ability determination was 49 
days long. 
The experimental period immediately followed the ability determina­
tion period. This period was 26 weeks long for ISUl and of 12 weeks 
duration for ISU2 and KSU. Among the three experiments, five rations 
and five levels of feeding were fed during the experimental period. 
In this study the term ration will be used to refer to the particular 
diet or roughage-concentrate combination offered an animal. The term 
level of feeding will be used when discussing the quantity of feed offered. 
Subsequently, a ration having 75 percent of its estimated net energy 
(ENE) derived from hay and 25 percent coming from a concentrate mixture 
will be designated as 75H:25C. The rations used in ISUl and ISU2 were 
75H:25C, 55H:45C, 35H:65C, and 15H:85C. The four rations utilized in 
the KSU experiment were an all hay ration plus the 75H:25C, 55H:45C, 
and 35H:65C rations. 
Prior to ISUl, Bloom (20) used a lactation curve estimated from 
the Iowa State University Holstein herd to develop a table of weekly 
levels of milk output needed to achieve production levels of 9,000, 
11,000, or 13,000 pounds of FCM during a 243-day period. Daily rations 
were calculated to theoretically meet the needs of a cow to produce the 
weekly production goal. Ration ENE calculations were made according to 
the Morrison (103) system and included a maintenance and milk production 
allowance. The two ISU experiments followed the Bloom feeding scheme, 
employing the above three levels of intake for all rations. KSU modi­
fied this procedure and fed levels to support 7,000, 10,000, or 13,000 
pounds FCM production plus an libitum level for each ration. KSU 
omitted feeding the 10,000 and 13,000 pound levels for the all hay ration 
and the 13,000 pound level for the 75H:25C ration. 
For ISUlJ production of FCM during the preliminary period was ex­
trapolated to a 243-day lactation and used as an indication of milk pro­
ducing ability. Ability ratings were assigned according to the following 
243-day production levels: high, 11,000 pounds and above; medium or high, 
10,500 to 11,000 pounds, medium, 9,500 to 10,500 pounds; medium or low, 
9,000 to 9,500 pounds; and low, under 9,000 pounds. ISU2 was not designed 
to include ability as a discrete variable. In the KSU experiment, cows 
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were classified into a high, medium, or low ability group according to 
the pounds of FCM produced during the 50-day preliminary period. Groups 
were: high, 2,801 pounds or more; medium, 2,451 to 2,800 pounds; and 
low, 2,450 pounds or less. 
Experimental animals 
ISUl involved 36 Holstein cows of which five were first lactation 
heifers. ISU2 did not use first lactation heifers, and some cows were 
observed for more than one lactation. Twenty-eight Holstein cows were 
used in observing 12, 11, and 13 lactations during three successive 
years. TifO Holstein cows were used all three years, and five additional 
cows were used both the second and third year. For the Brown Swiss cows, 
five, five, and two lactations were observed during the three successive 
years. Three cows observed, during the first year were used during the 
second. The KSU study involved 49 Holstein cows observed during 81 
lactations. Nine cows were used for three lactations, and 14 other cows 
were used for two lactations. 
Ration and Ration Analysis 
Experimental rations 
The words roughage or hay will be used to denote the second cutting 
alfalfa hay used as the roughage source in all three experiments. The 
term concentrate will be used to represent the grain, salt, and mineral 
mixtures fed. The percentage of each ingredient in the concentrate 
mixtures are listed in Table 1. 
A single concentrate was fed throughout the ISUl and KSU experiments. 
Two different concentrates were fed in the ISU2 experiment. A mineral 
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mix containing two parts salt to one part bonemeal was fed free choice 
in the KSU experiment while mineral mixes consisting of bonemeal and 
salt were included as part of the concentrates used in ISUl and ISU2. 
Table 2 lists the percentages of the grains and oilmeals in the 
concentrate mixture when the salt and mineral components are disre­
garded. The grain and oilmeal portions of the ISUl and KSU concen­
trates were identical. In comparison with the ISUl and KSU concen­
trates, the ISU2 mixtures contained greater proportions of corn and 
wheat bran, fewer oats, and no linseed meal. 
Concentrate analysis 
The theoretical values used in making concentrate analysis calcula­
tions are listed in Table 3. The ENE values from Morrison (102) were in 
use at the time the experiments were conducted. The ENE values from 
Flatt and Moe (47) represent current estimates for the feeds tuffs listed 
and are the only values listed that are not from Morrison (103). Maga-
calories and therms are equivalent units of energy. The main differences 
between the two columns of ENE values are lower energy values for wheat 
bran and oats and higher values for linseed meal reflected by the later 
estimates. 
In Table 4, results of the concentrate analysis calculations are 
given. Comparison of these calculated values for the different con­
centrate mixtures is not straightforward because of the varying amounts 
of salt and minerals in each of the mixtures. Computations using the 
earlier ENE values by Morrison (102) indicate that the ENE per 100 
pounds of grain dry matter was nearly identical for all rations. Grain 
dry matter denotes the dry matter of the concentrate after salt and 
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Table 1. Percent ingredients in the experimental concentrate mixtures 
ÏSU2 ISU2 
Ingredient ISUl 56-57 57-59 KSU 
Corn 27.8 34.7 37.2 28.4 
Oats 34.7 20.8 22.4 35.5 
Wheat bran 13.9 27.8 29.8 14.2 
Soybean meal, solvent 13.9 13.7 7.4 14.2 
Linseed meal, solvent 6.6 0.0 0.0 7.1 
Bone meal 2.1 • 1.0 1.1 0.0 
Ground limestone 0.0 1.0 1.1 0.0 
Salt 1.1 1.0 1.1 0.5 
Table 2. Percent ingredients in the grain portion of the experimental 
concentrate mixtures excluding salt and minerals 
' ISU2 ISU2 
Ingredient ISUl 56-57 57-59 KSU 
Corn 28.6 35.7 38.5 28.6 
Oats 35.7 21.4 23.1 35.7 
Wheat bran 14.3 28.6 30.7 14.3 
Soybean meal, solvent 14.3 14.3 7.7 14.3 
Linseed meal, solvent 7.1 0.0 0.0 7.1 
Table 3. Theoretical values used in ration analys is calcula C ions 
Ingredients 
Dry a b c d e f 
Matter ENE ENE DP CP Ca Ph^ 
Corn 85.0 80.1 80 6.7 8.7 0.02 0.27 
Oats 90.2 72.1 66 9.4 12.0 0.09 0.33 
Wheat bran 90.1 66.9 57 13.3 16.4 0.13 1.29 
Soybean meal, solvent 90.3 • 79.5 80 42.0 45.7 0.29 0.64 
Linseed meal, solvent 91.0 71.6 77 30.7 36.6 0.39 0.86 
Bone meal 95.5 0.0 0 0.0 0.0 30.14 14.53 
Ground limestone 95.5 0.0 0 0.0 0.0 38.50 0.00 
Salt 95.5 0.0 0 0.0 0.0 0.00 0.00 
Alfalfa hay, good 90.5 40.1 41 10.2 16.0 1.31 0.24 
^Percent dry matter from Morrison (103). 
^Estimated net energy, therms per 100 lb., Morrison (102). 
^Estimated net energy, megacalories per 100 lb., from Flatt and Moe (47). 
^Percent digestible protein from Morrison (103). 
^'Percent crude protein from Morrison (103). 
^Percent calcium from Morrison (103). 
^Percent phosphorus from Morrison (103). 
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Table 4. Theoretical concentrate analyses^ 
ISU2 ISU2 
Analysis basis ISUl 56-57 57-59 KSU 
ENE /lOO lb. concentrate • 72.3 72.4 71.8 74.3 
ENE/ 100 lb. dry matter 81.3 81.8 81.2 83.7 
ENE/100 lb. grain^ dry matter 84.1 84.4 84.1 84.1 
ENE^/100 lb. concentrate 69.2 68.4 67.5 71.1 
ENE/100 lb, dry matter 77.8 77.3 76.3 80.1 
ENE/100 lb. grain dry matter 80.5 79.7 79.0 80.5 
DP^/100 lb. concentrate 14.8 13.8 11.7 15.3 
DP/lOO lb. dry matter 16.7 15.6 13.2 17.2 
DP/100 lb. grain dry matter 17.3 16.1 13.7 17.3 
CP /lOO lb. concentrate 17.7 16.5 14.3 18.2 
CP/100 lb. dry matter 19.9 18.6 16.2 20.5 
CP/100 lb. grain dry matter 20.5 19.1 16.6 20.5 
Ca^/100 lb. concentrate 0.76 0.75 0.81 0.13 
Ca/100 lb. dry matter 0.85 0.85 0.91 0.14 
Ph^/100 lb. concentrate 0.82 ' 0.75 0.76 0.53 
Ph/100 lb. dry matter 0.92 0.84 0.86 0.60 
^Concentrate analyses are based on estimates in Tables 1, 2, and 3. 
^Estimated net energy, therms, energy values used in calculations 
are given in Table 3, column ENE^. 
• c 
Grain refers to the concentrate minus salt and minerals, 
d • 
Estimated net energy, megacalories, energy values used in calcula­
tions are given in column ENE^, Table 3. 
6 
Digestible protein,' values used are listed in column DP, Table 3. 
f 
Crude protein, values for feedstuffs are given in column CP, 
Table 3. 
g 
Calcium values used are listed in column Ca, Table 3. 
^Phosphorus values are listed in column Ph, Table 3. 
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minerals are excluded. For the more recent ENE estimates, a range of 
1.5 megacalories ENE per 100 pounds of grain dry matter existed. 
Protein percentages were lowered in ISU2 to make the protein per­
centage of the concentrate mixture more nearly equal that of alfalfa 
hay. Digestible protein was 3.6 percent lower in the 57-59 ISU2 con­
centrate than in the ISUl or KSU concentrate. Crude protein differences 
were slightly larger. 
Experimental Data 
Reasonably complete data were available for the preliminary periods 
and for the experimental periods from all three experiments. Subsequent 
analysis will primarily involve the average values of daily observations 
for the preliminary period and the overall averages for daily observa­
tions during the fifth through the twelfth week of the experimental 
period. This period, referred to as the eight-week experimental period, 
was used in previous KSU analysis (Hoover e_t 61). Weekly totals for 
the experimental period, which were used by Madden (83) in his analysis, 
will also be analyzed. 
Listed directly below are the abbreviations for variables most 
widely used in this study; others less frequently employed will be ex­
plained as they are used. 
AGE: cow age in months at time of calving. 
AGE IX: age index, cow age in months at time of calving, 
truncated at 66 months. 
BUTTERFAT: butterfat, calculated from butterfat percentage 
tests and whole milk production as pounds per day 
averaged over the eight-week experimental period. 
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FCM: four percent fat corrected milk, measured as pounds per 
day, averaged over the eight-week experimental period. 
GAIN: weight gain during the experimental period utilizing 
weighted averages for the beginning and terminal weights, 
estimated in pounds per day. 
GAINKSU: total weight gain in pounds as estimated by Hoover 
et al. (61). 
GAINIO: the variable GAIN coded by multiplying by 10; the 
average pounds of gain for a ten-day period. 
GE: ENE in the variable GRN, calculated like HE. 
CRN: grain or concentrate mixture as given in Table 1, 
measured as pounds per day consumed during the experi­
mental period. 
HAY: alfalfa hay, measured as pounds consumed per day during 
the experimental period. 
HE: ENE in the variable HAY, calculated using the values from 
Flatt and Moe (47) as listed in Table 3, estimated as mega-
calories per day. 
INBRED: inbreeding coefficient, expressed as a percent. 
MILK; whole milk production, pounds per day, averaged for the 
eight-week experimental period. 
7oGE: the percent of the total ENE of a ration provided by grain; 
i.e., GE/(HE4GE) expressed as a percent. 
PREBF: pounds of butterfat produced, averaged over the pre­
liminary period; measured as pounds per day. 
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PREFCM: four percent fat corrected milk produced during the 
preliminary period, measured as pounds per day. 
PREGE: megacalories of ENE consumed daily as grain during the 
preliminary period. 
PREHE: average number of megacalories of ENE consumed per day as 
alfalfa hay during the preliminary period. 
PREMILK: pounds of whole milk produced per day averaged over the 
seven-week preliminary period. 
TEMP80: temperature index for the experimental period, the sum­
mation of degrees Fahrenheit above 80 for the daily high 
temperature divided by 5.6 to obtain a ten-day average. 
TEMPKSU: temperature index calculations as described by Hoover 
et al. (61) except outdoor temperatures were substituted. 
TEMPAH: average of daily high temperatures in degrees Fahren­
heit during the experimental period. 
l-TEEK: the ordinal number of the week in the lactation, the 
first week of the experimental period is numbered one. 
WEIGHT: average body liveweight during the preliminary period 
measured in pounds. 
WT**75: average weight during the preliminary period raised to 
the 3/4 power. 
WTIST: cow liveweight during the first week of the experimental 
period, measured in pounds. 
WTE2: average body liveweight during the preliminary period 
divided by 100. 
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A period is used between variables to indicate products. Thus, 
A.B indicates the product of variable A and variable B. 
The'data describing the cows and the experimental treatments 
imposed upon them are given in Table 5. "NO" is the column heading for 
the observation reference number used in this study to refer to an in­
dividual observation. "COW" heads the column of reference numbers used 
by the original data sources to refer to individual cows. For the ISU 
experiment, the last digit of this reference number refers to the number 
of times a particular cow was used in KSU. For example, 341 denotes 
the first time that cow 34 was used in the experiment and 342 desig­
nates the second time that cow 34 was used. 
Also appearing in this table are the experimental ration fed to 
each cow and the feeding level for the ration and the date of the first 
day that the experimental ration was fed to each cow. This date was the 
first day of week 8 as numbered in Table 43 which appears in the Appendix. 
This table will be more fully discussed later. The age of the cow in 
months at calving time is listed along with the inbreeding coefficient. 
The inbreeding coefficient is a theoretical percentage, proposed to ex­
plain the extent to which a cow's parents are related. The coefficient 
is explained in Appendix B of Madden (83). 
The basic data that was collected weekly appears in Table 43 which 
is located in the Appendix. "NO" is the column heading for the observa­
tion reference number. "WEEK" is the ordinal number of the week be­
ginning with the first week of the preliminary period. The preliminary 
period comprised weeks 1 through 7, while weeks 12 through 19 represent 
the eight-week experimental period. Fourteen days elapsed from calving 
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TABLE 5. EXPERIMENTAL TREATMENTS AND COW CARACTERISTICS 
NO COW RATION FEEDING DATE AGE AT INBREEDING 
LEVEL 8TH WEEK CALVING COEFF 
ISUl DATA: 
1 2553 75H 25C 13000 • 7-22-53 103 4 
2 2392 75H 25C 13000 7-27-53 117 3 
3 3632 75 H 25C 13000 2-17-54 24 18 
4 3266 75 H 25C 11000 6- 5-53 45 7 
5 3469 75 H 25C 11000 11-19-53 35 6 
6 3440 75 H 25C IIOGO 9-24-53 36 22 
7 3272 75H 25C 9C00 3- 3-54 53 8 
3 3450 75 H 25C 9000 1— 5—54 38 6 
9 3302 75H 25C 9000 9- 4-53 44 8 
10 3157 55 H 45C 13000 12-31-53 61 19 
1 i 2649 55H 45C 13000 3— 4—54 103 4 
12 3263 55H 45C . 13000 12-14-53 51. 22 
13 2600 55H 45C 11000 10-27-53 103 4 
14 3444 55H 45C 11000 11-19-53 38 9 
15 3597 55H 45C 11000 2— 8—54 27 S 
16 3291 55H 45C 9000 12-21-53 50 5 
17 3483 55H 45C 9000 2— 3—54 36 15 
18 3294 55H 45C 9000 12-27-53 49 8 
19 2710 35H 65C 13000 5- 8-53 87 0 
20 3529 35H 65C 13000 5- 1-53 24 6 
21 3160 35H 65C 13000 9-27-53 57 19 
22 2378 35H 65C 11000 6- 7-53 117 6 
23 2643 35H 65C 11000 8—30—53 98 8 
24 3432 35H Ô5C 11000 11-20-53 38 8 
25 2963 35H 65C 9^00 1- 2-54 76 3 
26 3128 35H Ô5C 9000 11- 1-53 61 10 
27 3439 35 H 65C 9000 1-15-54 39 14 
28 2982 15ri 3 5C 13000 12-27-53 74 8 
29 2976 15H 85C 13000 1—16—54 75 10 
30 3530 15K 85C 13000 5-21-53 24 9 
31 3142 15H 85C 11000 2- 1-54 63 6 
32 3493 i5H 85C 11000 2-11-54 36 8 
33 3516 15H 85C 11000 5- 4-53 25 21 
34 3174 15H 85C 9000 11-23-53 53 6 
35 2606 15H 65C 9000 1-12-54 105 8 
36 2159 15H 85C 9000 8- 5-53 135 5 
ISU2 HCLSTEIN DATA: 
37 3432 75H:25C 13000 12-13-56 75 8 
38 3921 75H:25C 11000 2-26-57 39 24 
39 3911 75H:25C 9000 12-11-56 38 8 
40 3469 55H;45C 13000 3-11-57 75 6 
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FABLE 5. { CONTINUED) 
NO COW RATION FEEDING DATE AGE AT INBREEDING 
LEVEL 8TH WEEK CALVING COEFF 
41 3908 55H 45 C 11000 3- 6-57 41 6 
42 3080 55H 45C 9000 2-28-57 42 15 
43 3794 35H 65C 13000 2-15-57 49 7 
44 . 29G2 35H 65C 11000 3-11-57 113 8 
45 3170 35H 65C 9000 12-31-56 95 7 
46 3444 15H S5C 13000 1- 3-57 74 9 
47 3722 15H 85C 11000 2-21-57 54 8 
48 3641 15H 85C 9C00 12-18-56 53 12 
49 3795 75 H 25C 13000 11-28-57 58 14 
50 3911 75 H 25C 11000 11-21-57 49 8 
51 40.10 75H 25C 9000 11-21-57 40 7 
52 4073 55 H 45 C 13000 1- 2-58 33 12 
53 3170 551-1 45C 11000 1-16-53 108 7 
54 4024 55H 45C 9000 1- 2-5 8 42 15 
55 4055 35H 65C 13000 2- 6-58 41 11 
56 2963 35H 65C 11000 11-21-57 123 8 
57 4054 35H 65C 9000 12-19-57 39 9 
58 4082 15H G5C 13000 10-31-58 47 13 
59 4045 15H 85C 11000 1-23-58 40 16 
6 0 4093 15H 85C 9000 2— 6—5 8 37 9 
61 3911 75H 25C 13000 11- 6-53 61 8 
62 395U 75H 25C 11000 11-14-58 57 25 
63 4139 75H 25 C 9000 11- 6-58 42 6 
64 4204 55H 45C 13000 11-27-58 37 13 
65 4055 55H 45C 11000 1- 8-59 52 11 
66 4045 55H 45C 9000 1-15-59 52 16 
67 3170 35H 65C 13000 12-25-58 119 7 
68 4142 35H 65C 11000 11-14-58 42 20 
69 4024 35H 65C 9000 1-22-59 54 15 
70 3795 15H 85C 13000 12-11-58 69 14 
71 3493 15H 85C 11000 11-27-5 8 93 8 
72 4054 15H 85C 9000 1-22-59 52 9 
ISU2 BROWN SWISS DATA: 
73 415 6 75H:25C 13000 11-27-58 41 0 
74 3454 75H:25C 11000 3- 5-57 75 0 
75 4033 75H:25C 9000 11-27-58 51 0 
76 3536 55H:45C 13000 12-31-56 67 0 
77 3628 55H:45C 11000 1-31-57 60 0 
78 3659 55H:45C 9000 1-31-57 57 0 
79 4009 35H:65C 13000 12-26-57 42 0 
80 3141 35H:65C 11000 1-18-57 93 0 
81 3659 35H:65C 9000 2-13-58 70 ^ 0 
82 3536 15H:85C 13000 1- 2-58 79 0 
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TABLE 5. (CONTINUED) 
NO • ' COH RATION FEEDING DATE AGE AT INBREEDING 
LEVEL 8TH WEEK CALVING COEFF 
S3 3141 15H:85C 11000 1- 9-58 110 0 
84 3459 15H:85C 9000 11-28-57 84 0 
KSU DATA: 
85 11 55H:45C 13000 12-15-56 50 0 
86 21 55H:45C 7000 2- 1-57 62 0 
37 22 35H:65C 10000 8-24-58 81 0 
88 31 75H:25C AO LIo 2-21-57 111 0 
09 41 35H:65C 10000 3- 5-57 57 0 
90 42 35H:65C 7G00 2-13-58 69 0 
'J I 51 75H:25C 7000 3-11-57 46 0 
92 61 35H:65C 7000 4-19-57 72 0 
93 62 35H:65C 7000 8- 9-58 88 0 
94 63 ALL HAY AO LIB 2—14—60 106 0 
95 71 55H:45C AD LIB 5- 3-57 41 0 
96 72 75H:,25C 10000 1-25-60 74 0 
97 73 75H:25C AD LIB 1— 6—61 85 0 
98 81 ALL HAY AD LIS 5- 9-57 93 0 
99 , 91 75H:25C AO LIB 5-21-57 53 0 
100 92 75H:25C 7000 5- 4-58 64 0 
101 93 55H:45C AD LIB 12-13-59 84 0 
102 101 55H:45C 10000 7-21-57 75 0 
103 102 ALL HAY AD LIB 8-13-58 88 0 
104 111 35H:65C AD LIB 7-23-57 69 0 
105 112 55H:450 7000 7- 3-5 8 81 0 
106 121 75H:25C 10000 8-11-57 44 0 • 
107 122 ALL HAY AD LIB 12-19-50 74 0 
103 131 ALL HAY AD LIB 8-11-57 39 0 
109 132 55H:45C AD LIB 11-12-58 54 0 
110 141 75H:25C AD LIB 9- 8-57 68 0 
111 142 75H:25C AD LIB 10-21-5 8 81 0 
112 143 75H:25C 10000 2-11-60 97 0 
113 151 55H:45C 7000 9—16—57 40 0 
114 152 ALL HAY AO LIB 9— 5—58 52 0 
115 153 55H:45C 10000 8-12-59 63 0 
116 161 55H:45C AD LIB 9-17-57 56 0 
117 171 55H:45C 7000 11- 3-57 57 , 0 
110 172 55H:45C AD LIB 10-21-58 68 0 
119 ISl 35H:65C 7000 11- 4-57 59 0 
120 201 75H:25C 7000 12- 9-57 60 0 
121 202 55K:45C 7000 2-20-59 75 0 
122 211 75H:25C 7000 12-11-57 110 0 
123 221 55H:45C AD LIB 12-16-57 79 0 
124 222 35.H:65C 13000 3-19-59 94 0 
T A G  
NO 
12? 
126 
127 
128  
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
1 6 0  
1 6 1  
162 
163 
164 
165 
5. (CONTINUED) 
COW RATION FEEDING DATE AGE AT INBREEDING 
LEVEL 8TH WEEK CALVING COEFF 
223 35H:65C AD LIB 7— 6—60 110 0 
231 35H:65C 10000 12-13-57 77 0 
241 35H:65C AD LIB • 1- 4-5S 44 0 
242 35H:65C 10000 12-19-53 53 0 
251 35H:65C 10000 6- 8-53 38 0 
252 55H:45C 13000 7-24-59 51 0 
253 75H:25C 'AD LIS 11— 2—60 67 0 
261 ALL HAY AO LIB 7- 2-5 8 39 0 
262 35H:Ô5C 13000 10-14-59 54 0 
263 35H:65C 10000 10-25-60 67 0 
271 55H:45C 10000 9- 4-5 8 44 0 
272 75H:25C AD LIB 2— 6—60 62 0 
273 75H:25C 7000 2-21-61 74 0 
281 35H:65C AD LI3 11-13-58 51 0 
291 35H:65C 7000 11-13-58 40 0 
301 75H:25C AD LIB 11-29-58 61 0 
311 35H:65C AD LIB 1- 2-59 53 0 
312 35r!:65C 13000 6—24—60 71 0 
321 75H:25C 7000 1-28-59 53 0 
331 35H:65C 13000 2-15-59 38 0 
332 55H:45C 10000 3— 3—60 50 ' 0 
341 35H:65C AD LIB 4- 3-59 48 0 
342 75H:25C 7000 10— 1—60 66 0 
351 75H:25C 7000 4-20-59 49 0 
352 ALL HAY AD LIB 11-12-60 67 0 
361 55H:45C lOGOO 10-12-59 45 0 
362 35H:65C 10000 11-16-60 59 0 
371 35H:65C AD LIB 1— 5—60 43 0 
331 35H:65C 10000 2- 2-60 51 0 
391 35H:65C 13000 2— 4—60 73 0 
401 35H:65C AD LIS 2—26—60 85 0 
411 75H:25C 7000 3— 4—60 51 0 
421 55H:45C 7000 4— 6—60 46 0 
441 35H:65C 7000 5—23—60 45 0 
451 55H:45C AD LIB 5-26-60 42 0 
461 35H:65C 7000 6—14—60 45 0 
481 ALL HAY AD LIB 1-18-61 44 0 
491 55H:45C AO LIB 1—21—61 78 0 
501 55H:45C AD LIB 2-20-61 38 0 
511 35H:65C 7000 2-23-61 39 0 
521 75H:25C AD LIB 2-27-61 41 0 
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to the beginning of week 1. • ' 
Weekly totals for the pounds of whole milk and butterfat produced 
by each cow are listed in columns headed "MILK" and "BFT". For ISUl 
these values were calculated from FCM production values and butterfat 
percentages found in Bloom (20). The standard formula, FCM = ,4 (pounds 
of whole milk + 15 pounds of butterfat) was used in these calculations. 
For ISU2 values for whole milk production were taken from Hotchkiss (62). 
Butterfat production was calculated using the sample fat percentages 
taken biweekly. Values for the KSU experiments were taken directly 
from original data cards. 
For ISUl, values for hay and concentrate consumption were taken 
from Bloom (20), and dry matter intake values were calculated from the 
moisture analyses appearing in Tables41 and 42 within that reference. 
For the ISU2 experiment, hay and concentrate consumption was obtained 
from the original records. KSU researchers estimated the hay to be 90 
percent dry matter and the concentrate mixture to be 86 percent dry 
matter. These values were used to calculate dry matter consumption from 
the hay and grain consumption appearing on the original KSU data cards. 
Weekly ENE consumption was calculated from the weekly dry matter 
consumption computations. ENE intakes for grain and hay appear under 
the column heading "GE" and "HE" in Table 43. For ISUl the factors of 
44.4 megacalories ENE per 100 pounds alfalfa hay dry matter and 77.8 
megacalories per 100 pounds of concentrate dry matter were used to 
calculate ENE consumption. For ISU2, 77.3 megacalories ENE per 100 
pounds of concentrate dry matter were used for feed consumed prior to 
September 1957, and the energy level of 76.3 was used subsequently. 
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For hay, values of 45.0, 41.5, 43.5, 41.0, and 44.5 megacalories per 100 
pounds of alfalfa hay dry matter were used beginning on the respective 
dates of November 5, 1956; February 1, 1957; September 1, 1957; 
September 1, 1958; and February 21, 1959. For KSU the factors 80.1 
and 44.4 megacalories per 100 pounds dry matter were used for grain and 
hay, respectively. 
The estimated average cow liveweight is given in pounds for each 
week. Depending upon the weighing schedule for the experiment, values 
in the column headed "WEIGHT" may represent a single weight or the 
average of two weights. In the column headed "TEMP" are the weekly totals 
for the seven daily high outside temperatures measured in degrees Fahren­
heit. Temperatures for the Iowa State experiments were obtained from 
weather data collected at a single location near Ames, Iowa, and made 
available by Dr. R. H. Shaw of the Department of Agronomy, Iowa State 
University, and the Iowa State University Computation Center at Ames. 
Outside temperature data for the KSU experiment were provided by the 
Kansas State University Computation Center from U.S. Weather Bureau 
data. 
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PRELIMINARY ANALYSIS 
Preliminary analysis was accomplished by plotting the basic FCM 
output versus feed input relationships. This was followed by an ex­
amination of the data averages assembled from the base studies. 
Basic Data Plots 
Figure 2 is a plot of the experimental observations from the three 
experiments in the hay energy, HE, and grain energy, GE, plane. Plots 
of FCM production versus total ENE intake appear in Figures 3 through 7 
for each of the five rations. The plots illustrate the wide variation 
in FCM output associated with various levels of feed input. Additional 
plots not shown were made for the FCM response to energy intake for 
each experiment and for response by ability groups. Also FCM production 
versus total ENE intake minus a maintenance requirement was plotted. 
The maintenance requirement was assumed to be equal to the cow's average 
liveweight in pounds during the preliminary.period raised to the 0.8779 
power with the result being divided by 57.7. This formula was developed 
by the Kansas State researchers to approximate the Morrison requirements 
(Ainslie, 2). Obvious functional relationships between FCM production 
and feed input were not apparent in any of the plots made. 
Examination of Averages 
Experimental treatment averages 
Table 6 lists the daily average milk output and megacalories of ENE 
intake required during the eight-week experimental period to meet the 
listed feeding level production goals. These requirements are based on 
the assumptions of 0.3 megacalor ies of ENE per pound of FCM and the main-
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Figure 2. Average daily consumption of HE versus GE for the combined data of 165 observations 
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Figure 3. Average daily FCM production in relation to estimated net energy intake for nine ob­
servations receiving the all hay ration 
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Figure 4. Average daily FCM production in relation to estimated net energy intake for 41 ob­
servations receiving the 75H:25C ration 
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Figure 5. Average daily FCM production in relation to estimated net energy intake for 42 ob­
servations receiving 55H:45C ration 
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Figure 6. Average daily FCM production in relation to estimated net energy intake for 50 ob­
servations receiving the 35H:65C ration 
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Figure 7. Average daily FCM production in relation to estimated net energy intake for 21 ob­
servations receiving the 15H:85C ration 
Table é. Expected daily FCM production and estimated net energy requirements for various levels 
of feed in,q for the e ipht-wcek experimental period 
243-day FCM production, lb, 7,000 9,000 .10,000 11,000 13,000 
Daily FCM production, lb. 27.3 35.1 39.1 43.0 50.8 
ENE for FCM, megacalories 8.2 10.5 11.7 12.9 15.2 
ENE for FCM and maintenance for 
a 1200 lb. cow 15.4 17.7 18.9 20.1 22.4 
ENE for FCM and maintenance for 
a 1300 lb. cow 15.9 18.2 19.4 20.6 22.9 
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tenance requirement for a 1200 pound and a 1300 pound cow as obtained 
from Morrison (102). These requirements are similar to those used by 
Bloom (20) to make his original requirement calculations. For ISUl and 
ISU2 Holstein groups. Table 7 lists the average daily FCM production, 
average ENE intake, and average intake above maintenance for each 
feeding level of each ration. The maintenance requirement was calcu­
lated using the Ainslie (2) formula. Each average represents three ob­
servations. 
Consumption for the 11,000 and 13,000 pound levels of the 75H:25C 
ration were lower than these same levels of feeding for the other three 
rations. Average FCM production was higher for the ISUl cows as com­
pared to the ISU2 Holste ins for seven of twelve groups, total ENE intake 
was higher for seven of twelve groups, and ENE above maintenance was 
higher for ten of twelve groups. 
Energy intake levels above maintenance tended to be less than the 
calculated requirements appearing in Table 6. Often the cows did not 
eat all of the ration offered. A weighback of ten percent of the total 
weight of the ration was considered normal. 
For the 9,000 pounds FCM production feeding level, five of the eight 
averages for FCM production exceeded the average daily goal of 35.1 
pounds of FCM. Only one of the eight averages for the 11,000 pound level 
exceeded the daily goal of 43.0 pounds of FCM. Three of the averages for 
the 13,000 pound feeding level exceeded 43.0 pounds, and none of the 
eight approached the goal of 50.8 pounds of FCM per day for the 13,000 
pound feeding level. 
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Table 7. Averages for FCM production and ENE intake by ration and level 
. of feeding for ISUl and ISU2 HoIs teins 
Feeding level 9,000 11,000 13,000 
75H:25C Ration; 
ISUl 
a 
32.8 33.5 29.6 
ENE" 18.1 17.8 17.8 
Prod . 10.5 10.9 10.4 
ISU2 
FCM 30.3 31.0 35.2 
ENE 16.5 17.0 20.1 
Prod E 9.4 10.4 ' 12.5 
55H:45C Ration: 
. ISUl 
FCM 35.1 38.9 43.5 
ENE • 17.3 19.0 21.7 
Prod E 10.5 12.0 14.5 
ISU2 
FCM 32.9 38.9 37.8 
ENE 16.6 19.7 21.0 
Prod E 9.5 11.8 13.3 
35H:65C Ration: 
ISUl 
FCM 38.3 39.2 39.4 
ENE 17.6 20.3 21.2 
Prod E 10.4 12.6 14.7 
ISU2 
FCM 40.3 36.6 44.4 
ENE 17.2 19.2 22.0 
Prod E 9.6 11.7 14.0 
15H:85C Ration: 
ISUl 
FCM 39.7 41.0 43.7 
ENE 17.9 19.0 21.3 
Prod E , 10.2 12.1 13.9 
ISU2 
FCM 37.2 45.9 42.7 
ENE 17.3 19.4 21.3 
Prod E 9.4 11.8 14.0 
^Average daily FCM production, pounds. 
^Average daily ENE intake, megacalories. 
Average daily ENE intake above maintenance, megacalories 
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Using the values in Table 7, a plot of average FCM production ver­
sus total ENE intake is presented in Figure 8. Lines connect increasing 
levels of feeding. 
For the 75H:25C ration of ISUl, average FCM production and average 
ENE intake do not progressively increase from lower to higher feeding 
levels. Lowest intake and lowest milk production occurred at the 13,000 
pound level of feeding. It appears that almost all of the cows in ISUl 
receiving the 75H:25C ration were essentially ad libitum fed. 
For 1SU2, only the 75H:25C ration has increasing average FCM pro­
duction with each and every increase in feeding level. Both the 55H:45C 
ration and the 15H:85C ration have a lower FCM production at the 13,000 
pound level of feeding than at the 11,000 pound level. Examination of 
the individual observations making up the data suggested that the dif­
ferences are probably more affected by cow ability than by diminishing 
marginal returns. For the 55H:45C ration all three cows making up the 
11,000 pound feeding level had preliminary period FCM production averages 
of more than 50 pounds per day while the three cows assigned to the 13,000 
pound level had preliminary FCM averages of less than 50 pounds per day. 
Similarly for the 15H:85C ration, preliminary FCM production for in­
dividual cows receiving the 11,000 pound level was 43.7, 50.6, and 55.0 
pounds compared with 34.3, 48.9, and 58.2 pounds per day for the 13,000 
pound level. The low preliminary production of 34.3 pounds was the out­
put of observation 58. This cow produced only 35 pounds FCM per day 
during the experimental period, seven pounds per day less than the pro­
duction of any of the other five cows assigned to these two feeding levels. 
For the 35H:65C concentrate ration, the average FCM production for the 
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Figure 8. Treatment averages for daily FCM production in relation to 
estimated net energy intake for ISUl and ISU2 Holsteins 
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11,000 pound level was 3.7 and 7.8 pounds lower than production of the 
9,000 and 13,000 pound levels, respectively. This low average is due 
to observation 68, the only cow of the twelve assigned to the 35H:65C 
ration that had a preliminary FCM production of less than 40 pounds. 
During the experimental period this cow produced 4.7 pounds less FCM 
per day than any of the other cows assigned to that ration. 
For KSU, average values of FCM production, ENE intake, and ENE 
intake above maintenance are tabulated in Table 8. A plot of FCM pro­
duction versus ENE intake appears in Figure 9. Average production of 
the three groups on the 7,000 pound level of feeding exceeded the 27.3 
pound daily goal for FCM production. Two of the three groups exceeded 
the 10,000 pound goal of 39.1 pounds FCM, while neither of the two 
groups surpassed the 13,000 pound goal of 50.8 pounds of FCM. 
Intake ranges for ISUl, ISU2, and KSU were 7.6, 7.9, and 18.8 mega-
calories ENE per day. ISU intakes ranged from 15.3 to 22.9 megacalories, 
and KSU's ranged from 11.8 to 30.6. 
FCM averages for the 75H:25C ration of KSU are considerably higher 
than averages for FCM production for the ISUl and the ISU2 Holstein 
groups. This difference in averages for the KSU observations versus 
the two Iowa State groups appears to be more pronounced for this 
particular ration than for the other two rations fed in all experiments. 
The magnitude of the ISUl and ISU2 Holstein averages are more similar to 
the average for the KSU all hay ration than to the average for the KSU 
75H:25C ration. 
Considerable inconsistency in FCM production existed for the feed­
ing level averages. For the 35H:65C ration of KSU, average daily pro-
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Table 8. Averages for FCM production and ENE intake by ration and level 
of feeding for KSU . 
Feeding level 7,000 10,000 13,000 ad lib 
All hay ration: 
Number 0 0 0 9 
FCM^ 29.7 
ENE 16.0 
Prod e'" 7.8 
75H:25C ration: 
Number 9 3 0 9 
FCM - 34.9 42.0 39.9 
ENE 16.6 21.0 20.8 
Prod E 8.3 11.9 12.4 
55H:45C ration: 
Number 
FCM 
ENE 
Prod E 
6 
34.0 
16.4 
8.4 
5 
44.1 
20 .0  
1 2 . 0  
2 
46.6 
23.5 
15.6 
9 
43.8 
23.2 
15.2 
35H:65C ration; 
Number 
FCM 
ENE 
Prod E 
8 
38.4 
16.4 
8 . 2  
8 
38.7 
2 0 . 2  
1 2 . 0  
5 
49.9 
23.5 
15.5 
8 
41.9 
26.3 
18.3 
^Average daily FCM production. 
^Average daily ENE intake, megacalories, 
"^Average daily ENE intake above maintenance, megacalor ies. 
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Figure 9. Treatment averages for daily FCM production in relation to 
estimated net energy intake for KSU 
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duction of the five cows receiving the 13,000 pound level of feeding 
was eight pounds greater than the output of the aj libitum fed cows 
which consumed 2.8 more megacalories per day. Three of the five cows 
receiving the 13,000 pound level had preliminary FCM production of 
more than 60 pounds per day, while all eight of the cows on the ad 
libitum level had preliminary FCM averages of less than 60 pounds per 
day. 
Within ration and level of feeding groups, large variation of milk 
production and energy consumption occurred. Ranges of individual values 
of pounds of FCM production, megacalories of ENE intake, and'ENE above 
maintenance requirements are given in Table 9 for the ISUl and ISU2 
Holstein observations and in Table 10 for KSU. The largest range with­
in a KSU fixed feeding level was 24.0 pounds of FCM for the 55H:45C 
ration and the 10,000 pound level of feeding. This range was 54 per­
cent of the average of 44.0 pounds FCM for the five observations of that 
treatment. In contrast the range for the energy intake above mainte­
nance was 1.0 megacalorie or about eight percent of the average calorie 
intake above maintenance for that particular group. Within the ISU2 
Holstein groups, the largest FCM production range for a single ration 
and feeding level was 21.3 pounds, while the, range was 17.0 pounds for 
ISUl. While these ranges have not been corrected for differences in pre­
liminary milk production or other possible covariates, their magnitude 
illustrates the fact that a great deal of variation exists that must be 
accounted for before one can estimate a useful functional relationship 
between feed input and milk output. 
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Table 9. Ranges for FCM production and ENE intake by ration and level 
of feeding for ISUl and ISU2 Holsteins 
Feeding level 9,000 11,000 13,000 
75H:25C ration: 
ISUl 
• 
Prod E 
ISU2 
FCM 
ENE 
Prod E 
6 . 1  
2 . 0  
1.2 
9.4 
2 . 2  
0 . 8  
10.5 
4.9 
2.4 
6 . 1  
4.9 
3.2 
5.5 
5.0 
4.1 
3.2 
4.4 
4.6 
55H:45C ration: 
ISUl 
FCM 
ENE 
Prod E 
ISU2 
FCM 
ENE 
Prod E 
8 . 1  
1 . 6  
0.4 
0 . 8  
17.0 
4.9 
1.9 
8 . 1  
2 . 2  
1 . 0  
7.9 
1.4 
1 . 0  
6.3 
1.7 
2 . 1  
35H:65C ration: 
ISUl 
FCM 
ENE 
Prod E 
ISU2 
FCM 
ENE 
Prod E 
4.5 
0.5 
0.3 
9.1 
1 . 0  
0 . 8  
6.0 
2,9 
0.6 
12 .0  
1 . 2  
0.7 
0 . 8  
1.5 
1 . 2  
2.4 
1 . 8  
0.9 
15H:85C ration: 
ISUl 
FCM 
ENE 
Prod E 
ISU2 
FCM 
ENE 
Prod E 
13.7 
0.3 
0.3 
21.3 
1.3 
0.3 
13.7 
3.6 
1.4 
6 . 2  
0 . 2  
0.4 
15.9 
4.3 
2.6 
13.6 
0.4 
0 . 1  
Average daily FCM production, pounds. 
^Average daily ENE intake, megacalories. 
Average daily ENE intake above maintenance, megacalories. 
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Table 10. Ranges for FCM production and ENE intake by ration and level 
of feeding, for KSU 
Feeding level 7,000 10,000 13,000 ad lib 
All hay ration: 
Number 0 0 0 9 
31.4 FOlf 
ENE 8.4 
Prod E^ 8.3 
75H:25C ration: 
Number ,9 3 0 9 
FCM 17.8 9.5 22.9 
ENE 2.4 2.1 10.3 
Prod E 0.8 0.8 9.9 
55H:45C ration: 
Number 6 5 2 9 
FCM 13.2 24.0 10.0 29.2 
ENE 1.0 1.7 0.6 7.5 
Prod E 0.9 1.0 0.4 5.8 
35H:65C ration: 
Number 8 8 5 8 
FCM. 21.0 15.1 9.3 19.6 
ENE 1.3 2.4 1.2 9.1 
Prod E 0.3 2.2 0.2 9.1 
^Average daily FCM production. 
^Average daily ENE intake, megacalories. 
c 
Average daily ENE intake above maintenance, megacalories. 
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Excluding the KSU ad libitum feeding level, the ranges for pro­
ductive energy intakes on a single feeding level and single ration were 
greatest among the high roughage rations for ISUl and ISU2. KSU re­
searchers were successful in avoiding this high variation among their 
controlled intake levels by not feeding the highest levels of intakes 
of the roughage rations and by using predominately high ability cows 
with their highest levels of intake. While the problem of variation in 
intake was reduced, confounding of preliminary milk production levels 
and level of experimental intake occurred. 
Overall averages 
Additional examination of the averages and ranges for production 
variables, intake variables and cow characteristics was made. Table 11 
gives the mean and range for a number of variables for the eight-week 
experimental period and the seven-week preliminary period. Averages and 
ranges are given for the 165 pooled observations, individual experiments, 
and rations. Separate averages are given for 36 ISU2 Holstein observa­
tions, for the 12 ISU2 Brown Swiss observations, and for the 72 KSU ob­
servations that received grain during the experimental period. 
With the exception of several variables that will be defined in the 
discussion that follows, the variables are defined in the list of ab­
breviations given previously. The number of observations included in 
the above averages appear under the column heading "NUMBERS". Unless 
otherwise specified, statistical tests will be made at the 5 percent level 
of significance. 
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TABLE 11. MEAN AND RANGE FOR VARIABLES OBSERVED DURING THE 
EIGHT WEEK EXPERIMENTAL PERIOD FOR EACH EXPERIMENT, 
EACH RATION AND OVERALL 
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
FCM OVERALL 165 38.3 13.9 57.9 
PCM ISUl 36 37-9 27.0 51.6 
FCM ISU2 48 36.9 23.4 48.7 
FCM ISU2, HOLSTEIN 36 37,8 23.4 48.7 
FCM ISU2, BROWN SW ISS 12 34.4 27.8 38.2 
FCM KSU 81 39.2 13.9 58.0 
FCM KSU, MINUS ALL HAY 72 40 .4 27.1 58.0 
FCM ALL HAY RATION 9 29.7 13.9 45.3 
FCM 75H:25C RATION 42 . 35.0 26.5 50.0 
FCM 55H:45C RATION 43 39.5 27.5 58.0 
FCM 35H:ô5C RATION 50 40.4 27.3 53.2 
FCM 15H;85C RATION 21 40.9 23.4 51.6 
H ILK OVERALL 165 42.7 16.5 61.5 
MILK ISUl 36 42.9 27.9 57.9 
MILK ISU2 48 42.3 27.5 57.1 
MILK ISU2, HOLSTEIN 36 44.5 27.5 57.1 
MILK ISU2, BROWN SWISS 12 37.8 28.3 43.0 
MILK KSU 81 42.6 16.5 61.5 
MILK KSU, MINUS ALL HAY 72 43.9 29.3 61.5 
MILK ALL HAY RATION 9 32.0 16.5 50.2 
MILK 75H:25C RATION 42 39.2 27.9 56.5 
MILK 55H:45C RATION 43 43.9 31.9 57.4 
MILK 35H:65C RATION 50 44.8 29.3 61.5 
MILK 15H:85C RATION 21 47.1 27.5 57.9 
BUTTERFAT OVERALL 165 1.41 0.49 2.33 
BUTTERFAT ISUl 36 1.38 0.98 1.90 
BUTTERFAT ISU2 48 1.32 0.83 1.81 
BUTTERFAT ISU2, HOLSTEIN 36 1.33 0.83 1.81 
BUTTERFAT ISU2, BROWN SWISS 12 1.28 1.10 1.40 
BUTTERFAT KSU 81 1.48 0.49 2.33 
BUTTERFAT KSU, MINUS ALL HAY 72 1.52 1.00 2.33 
BUTTERFAT ALL HAY RATION 9 1.13 0.49 1.68 
BUTTERFAT 75H:25C RATION 42 1.29 0.84 1.85 
BUTTERFAT 55H:45C RATION 43 1.46 0.95 2.33 
BUTTERFAT 35H:65C RATION 50 1.50 1.04 2.06 
BUTTERFAT 15H:85C RATION 21 1.47 0.83 1.90 
HAY OVERALL 165 25.2 6.7 50.4 
HAY ISUl • 36 21.3 6.7 38.4 
HAY ISU2 48 22.6 6.8 43.4 
HAY ISU2, HOLSTEIN 36 22.6 6.8 43.4 
HAY ISU2, BROWN SWISS 12 22.6 7.3 36.9 
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TABLE 11- (CONTINUED) 
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
HAY KSU 31 28.6 14.2 50.4 
HAY KSU, MINUS ALL HAY 72 27-1 14.2 49-1 
HAY ALL HAY RATION 9 40.0 29.5 50-4 
HAY 75H:25C RATION 42 35-4 28-5 49-1 
HAY 55H:45C RATION 43 28-2 22.0 36-9 
HAY 35H:65C RATION 50 18-9 14.2 27.8 
HAY I5H:S5C RATION 21 7-8 6.7 8.8 
CRN OVERALL 165 14-1 0-0 28.3 
GRN ISUl 36 15-3 5-3 28.2 
CRN ISÛ2 48 16-0 5-9 27.7 
GRN ISU2, HOLSTEIN 36 15-9 5-9 27.7 
GRN ISU2, BROWN SWISS 12 16.2 6-4 27.6 
GRN KSU 81 12.4 0-0 28.3 
GRN KSU, MINUS ALL HAY 72 13.9 5-4 28.3 
GRN ALL HAY RATION 9 0.0 0-0 0.0 
GRN 75H:25C RATION 42 6.7 5-3 9.2 
GRN 55H:45C RATION 43 12.9 9-9 16.7 
GRN 35H:65C RATION 50 19-4 14.3 28.3 
GRN I5H:85C RATION 21 24-5 21.1 28.2 
HDM . OVERALL 165 22-6 5.9 45.3 
HDM ISUl 36 19.5 5.9 35.2 
HDM ISU2 48 19-7 6.0 38.2 
HDM ISU2, HOLSTEIN 36 19.7 6-0 38.2 
HDM ISU2, BROWN SWISS 12 19.7 6.4 33.2 
HDM KSU 81 25.7 12.8 45.3 
HDM KSU, MINUS ALL HAY 72 24.4 12.8 44.2 
HDM ALL HAY RATION 9 36.0 26.5 45.3 
HDM 75H:25C RATION 42 31.7 25.6 44.2 
HDM 55H;45C RATION 43 25.3 19.8 33.2 
HDM 35H:65C RATION 50 16.9 12.8 25-0 
HDM 15H:.85C RATION 21 6.9 5-9 8-1 
CD M OVERALL 165 12.2 0.0 24.8 
GDM ISUl 36 13.4 4.7 2.5 
GDM ISU2 48 13-9 5-2 24-1 
GDM ISU2, HOLSTEIN 36 13.8 5.2 24.0 
GDM ISU2, BROWN SWISS 12 14.1 5.6 24.1 
GDM KSU 81 10-7 0-0 24.3 
GDM KSU, MINUS ALL HAY 72 12.0 4-7 24-3 
GDM ALL HAY RATION 9 0.0 0.0 0.0 
GDM 75H:25C RATION 42 5.8 4.7 7.9 
GDM 55H:45C RATION 43 11.2 8.5 14.4 
GDM 35H:65C RATION 50 16.8 12.3 24.3 
GDM 15H:85C RATION 21 21.5 18-5 24.8 
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T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
HE OVERALL 165 9.9 2.6 20.2 
HE ISUl 36 8.6 2.6 15.6 
HE ISU2 48 8.3 2.6 16.6 
HE . ISU2, HOLSTEIN 36 8.4 2.6 16.6 
HE ÎSU2, BROWN SWISS 12 8.3 2.8 13.8 
HE KSU 81 11.4 5.7 20.2 
HE KSU, MINUS ALL HAY 72 10.9 5.7 19.6 
HE ALL HAY RATION 9 16.0 11.8 20.2 
HE 75H:25C RATION 42 13.9 10.9 19.6 
HE 55H:45C RATION 43 11.1 8.4 14.8 
HE 35H:65C RATION 50 7.4 5.7 11.1 
HE 15H:85C RATION 21 3.0 2.6 3.6 
CE OVERALL 165 9.6 n.o 19.5 
GE ISUl 36 10.4 3.7 19.3 
GE ISU2 48 10.6 3.9 18.4 
Gt ISU2, HOLSTEIN 36 10.6 3.9 18.4 
GE ISU2, BROWW SWISS 12 10.8 4.2 18.4 
GE KSU 81 8.5 0.0 19.5 
GE KSU, MINUS ALL HAY 72 9.6 3.8 19.5 
GE ALL HAY RATION 9 0.0 0.0 0.0 
CE 75H:25C RATION 42 4» 6 3.7 6.3 
GE 55H:45C RATION 43 8.8 6.8 11.5 
GE 35H:65C RATION 50 13.2 9.9 19.5 
GE 15H:85C RATION 21 16.5 14.1 19.3 
WTE2 OVERALL 165 12.7 9.0 16.3 
WTE2 ISUl 36 11.6 9.0 15.4 
WTE2 ISU2 48 12-3 9.1 16.3 
WTE2 ISU2, HOLSTEIN 36 12.1 9.1 16.3 
WTE2 ISU2, BROWN SWISS 12 12.9 11.7 14.8 
WTË2 KSU 81 13.3 11.0 16.0 
WTE2 . KSU, MINUS ALL HAY 72 13.3 11.0 16.0 
HTE2 ALL HAY RATION 9 13.5 12.4 15.5 
WTE2 75H:25C RATION 42 12.8 9.0 16.0 
WTE2 55H:45C RATION 43 12.4 9.0 16.3 
WTE2 35H:65C RATION 50 12.8 9.4 16.0 
WTE2 15H:85C RATION 21 12.3 9.5 14.6 
GAINIO OVERALL 165 -0.4 -16.7 66.8 
GAINIO ISUl 36 -0.8 -12.0 19.9 
GAINIO. ISU2 48 1.4 -12.8 66.8 
GAINIO ISU2, HOLSTEIN 36 -1.1 -12.8 13.1 
GAINIO ISU2, BROWN SWISS 12 8.7 -9.7 66.8 
GAINIO KSU 81 -1.2 -16.7 15.9 
GAINIO KSU, MINUS ALL HAY 72 -0.9 -16.7 15.9 
T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT^ NUMBER MEAN LOW HIGH 
GAINIO ALL HAY RATION 9 —3 . 6 -14.7 3.1 
GAINIO 75H:25C RATION 42 -0.8 -16.7 19.9 
GAINIO 55H:45C RATION 43 -1.3 -12.7 11.1 
GAINIO 35H:65C RATION 50 -0.7 -12.0 14.2 
GAINIO 15H:85C RATION 21 4.5 -12.8 66.8 
AGE IX OVERALL 165 54.2 24.0 66. 0 
AGE IX ISUl 36 50.4 24.0 66.0 
AGE IX ÏSU2 48 53.3 37.0 66 . 0
AGE IX ISU2, HOLSTEIN 36 51.7 37.0 66 . 0
AGE IX ISU2, BROWN SWISS 12 . 59.4 41.0 66.0 
AGE IX KSU 81 56.3 38.0 66. 0 
AGE IX KSU, MINUS ALL HAY 72 56.3 38.0 66.0 
AGE IX ALL HAY RATION 9 56.0 39.0 66.0 
AGE IX 75H:25C RATION 42 53.8 24.0 66.0 
AGE IX 5 5H:45C RATION 43 52.7 27.0 66.0 
AGE IX 35H:65C RATION 50 55.3 24.0 66. 0 
AGE IX 15H:85C RATION 21 55.0 24.0 66. 0 
AGE OVERALL 165 62.2 24.0 135.0 
AGE ISUl 36 61.3 24.0 135.0 
AGE ISU2 48 62.1 37.0 123.0 
AGE ISU2, HOLSTEIN 36 59.6 37.0 123.0 
AGE ISU2, BROWN SWISS 12 69.5 41.0 110.0 
AGE KSU 81 62.7 38.0 111.0 
AGE KSU, MINUS ALL HAY 72 62.1 38.0 111.0 
AGE ALL HAY RATION 9 67.4 39.0 106.0 
AGE 75H:25C RATION 42 60.4 24.0 117.0 
AGE 55H:45C RATION 43 57.4 27.0 108.0 
AGE 35H:65C RATION 50 65.1 24.0 123.0 
AGE 15H:85C RATION 21 66.3 24.0 135.0 
TEHPAH OVERALL 165 54.4 25.7 92.0 
TEMPAH ISUl 36 56.3 34. 6 85.3 
TEMPAH ISU2 48 40.0 25.7 67.3 
TEHPAH ISU2, HOLSTEIN 36 40.0 25.7 67.3 
TEMPAH ISU2, BROWN SWISS 12 40.1 25.7 63.7 
TEMPAH KSU 81 62.1 32.8 92.0 
TEMPAH KSU, MINUS ALL HAY 72 61.6 32.8 92.0 
TEHPAH ALL HAY RATION 9 65.7 42.1 90.2 
TEHPAH 75H:25C RATION 42 53.2 25.7 92.0 
TEMPAH 55H:45C RATION 43 53.8 27.6 88.7 
TEMPAH 35H:65C RATION 50 57.2 27.6 89.3 
TEMPAH 15H:85C RATION 21 46.4 25.7 85.2 
TEMP80 OVERALL 165 12.7 0.0 120.5 
T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
TEMP80 ISUl 36 13.1 0.0 58.6 
TEMP30 ISU2 48 0.2 0.0 1.3 
TEHP80 ISU2, HGLSTEIN 36 0.2 0.0 1.3 
TEMP80 ISU2, BROWN SWISS 12 0.1 0.0 0.9 
TEMP80 KSU 81 19.9 0.0 120.5 
TEMP80 KSU, MINUS ALL HAY 72 19-5 0.0 120.5 
TEMPS0 ALL HAY RATION 9 23.1 0.0 102.1 
TEMP80 75H:25C RATION 42 11.0 0.0 120.5 
TEMP80 55H:45C RATION 43 10.2 0.0 89.3 
TEMP80 35H:65C RATION 50 17.0 0.0 93.2 
TEMP80 15H:85C RATION 21 6.4 0.0 57.1 
INBRED OVERALL 165 4.5 0.0 25.0 
INBRED ISUl 36 9.3 0.0 22.0 
INBRED ISU2 48 8.3 0.0 25.0 
INBRED ISU2, HOLSTEIN 36 11.1 6.0 25.0 
INBRED IS02, BROWN SWISS 12 0.0 0.0 0.0 
INBRED KSU 81 0.0 0.0 0.0 
INBRED KSU, MINUS ALL HAY 72 0.0 0.0 0.0 
INBRED ALL HAY RATION 9 0.0 0.0 0.0 
INBRED 75H:25C RATION 42 4.5 0.0 25.0 
INBRED 55H:45C RATION 43 4.5 0.0 22.0 
INBRED 35H:65C RATION 50 3.4 0.0 20.0 
INBRED 15H:85C RATION 21 8.5 0.0 21.0 
PREFCM OVERALL 165 51.1 30.5 80.6 
PREFCM ISUl 36 49.9 30.5 67.1 
PREFCM ISU2 48 48.1 34.3 70.5 
PREFCM ^ ISU2, HOLSTEIN 36 49.5 34.3 70.5 
PREFCM ISU2, BROWN SWISS 12 44.0 34.9 56.4 
PREFCM KSU 81 53.5 39.4 30.6 
PREFCM KSU, MINUS ALL HAY 72 53.7 39.4 80.6 
PREFCM ALL HAY RATION 9 51.2 41.1 65.2 
PREFCM 75H:25C RATION 42 51.2 33.6 80.6 
PREFCM 55H:45C RATION 43 51.6 35.8 63.2 
PREFCM 35H:65C RATION 50 50.9 30.5 66.6 
PREFCM 15H:85C RATION 21 50.5 34.3 70.5 
PREMILK OVERALL 165 55.4 32.9 85.2 
PREMILK ISUl 36 53.9 32.9 71.4 
PREMILK ISU2 48 53.7 36.3 71.4 
PREMILK ISU2, HOLSTEIN 36 55.3 36.3 71.4 
PREMILK ISU2, BROWN SWISS 12 49.0 38.2 64. 4 
PREMILK . KSU 81 57.1 43.3 85.2 
PREMILK KSU, MINUS ALL HAY 72 57.2 43.3 85.2 
PREMILK ALL HAY RATION 9 56.3 45.9 71.1 
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T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT NUMBER MEAN .LOW HIGH 
PRE,MILK 75H:25C RATION 42 56.0 35.1 85.2 
PREHILK 55H:45C RATION 43 56.3 42.4 69.8 
PREMILK 35H:65C RATION 50 54.2 32.9 75.1 
PREKILK 15H:85C RATION 21 55.0 36.3 71.4 
PREBF OVERALL 165 1.93 1.13 3.10 
PREBF ISUl 36 1.89 1.16 2.57 
PREBF ISU2 48 1.76 1.13 2.93 
PREBF ISU2, HOLSTEIN 36 1.83 1.26 2.93 
PREBF ISU2, DROWN SWISS 12 1.62 1.13 2.04 
PREBF KSLI 81 2.04 1.47 3.10 
PREBF KSU, MINUS ALL HAY 72 2.06 1.47 3.10 
PREBF ALL HAY RATION 9 1.91 1.52 2.45 
PREBF 75H:25C RATION 42 1.92 1.31 3.10 
PREBF 55H:45C RATION 43 1.94 1.26 2.72 
PREBF 35H:65C RATION 50 1.95 1.16 2.66 
PREBF 15H:85C RATION 21 1.90 1.13 2.93 
PREHE OVERALL 165 13.6 9.2 19.0 
PREHE ISUl 36 12.7 9.9 15.9 
PREHE ISU2 48 13,9 10.9 16.1 
PREHE ISU2, HOLSTEIN 36 13.7 10.9 16.1 
PREHE ISU2, BROWN SWISS 12 14.4 12.2 16.1 
PREHE KSU 81 13.8 9.2 19.0 
PREHE KSU, MINUS ALL HAY 72 13.8 9.2 19.0 
PREHE ALL HAY RATION 9 14.2 11.1 16.6 
PREHE 75H:25C RATION 42 13.8 9,9 19.0 
PREHE 55H:45C RATION 43 13.7 10.2 18.1 
PREHE 35H:65C RATION 50 13.2 9.2 16.6 
PREHE 15H:85C RATION 21 13.6 10.3 15.9 
PREGE OVERALL 165 10.7 7.4 15.2 
PREGE ISUl 36 9.9 7.7 12.4 
PREGE ISU2 48 10.6 8.3 12.4 
PREGE ISU2, HOLSTEIN 36 10.5 8.3 12.4 
PREGE ISU2, BROWN SWISS 12 11.0 9.3 12.4 
PREGE KSU 81 11.1 7.4 15.2 
PREGE KSU, MINUS ALL HAY 72 11.0 7.4 15.2 
PREGE ALL HAY RATION 9 11.4 8.9 13.3 
PREGE 75H:25C RATION 42 10.9 7.7 15.2 
PREGE 55H:45C RATION 43 10.3 7.9 14.5 
P R E G E  35H:65C RATION 50 10.4 7.4 13.3 
PREGE 15H:85C RATION 21 10.5 8.0 12.4 
GRN + HAY OVERALL 165 39.3 27.9 58.1 
GRN + HAY ISUl 36 36.6 28.3 45.5 
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T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
GRN + HAY ISU2 48 38.5 . 27.9 51.4 
GRN + HAY ISU2, HOLSTEIN 36 38-5 27.9 51.4 
GRN -ir HAY ISU2, BROWN SWISS 12 38.7 30.2 44.5 
GRN + HAY KSU 81 41.0 23.6 58.1 
GRN + HAY KSU, MINUS ALL HAY 72 41.1 28.6 58.1 
GRN + HAY ALL HAY RATION 9 40.0 29.5 50.4 
GRN + HAY 75H:25C RATION 42 42.0 34.0 58.1 
GRN + HAY 55H:45C RATION 43 41.2 31.9 53.7 
GRN + HAY 35H:65C RATION 50 38.2 28.6 56.0 
GRN + HAY 15H:85C RATION 21 32.3 27.9 37.1 
HE + GE OVERALL 165 19.5 11.8 30.6 
HE + GE ISUl 36 19.1 15.3 22.9 
HE + GE ISU2 48 19.0 14.9 22.8 
HE + GE ISU2, HOLSTEIN 36 19.0 14.9 22.8 
HE + GE ISU2, BROWN SWISS 12 19.1 16.6 21.7 
HE + GE KSU 81 20.0 11.8 30.6 
HE + GE KSU, MINUS ALL HAY 72 20.5 15.3 30.6 
HE + GE ALL HAY RATION 9 16.0 11.8 20.2 
HE + GE 75H:25C RATION 42 18.4 14.9 25.9 
HE + GE 55H:45C RATION 43 19.9 15.6 26.3 
HE + GE 35H:65C RATION 50 20.6 15.6 30.6 
HE + GE 15H:85C RATION 21 19.5 16.7 22.9 
HAY/TOTRAT OVERALL 165 62.7 23.3 100.0 
HAY/TOTRAT ISUl 36 56.3 23.5 84.3 
HAY/TOTRAT ISU2 48 56.4 23.3 85.0 
HAY/TOTRAT ISU2, HOLSTEIN 36 64.2 23.3 100.0 
HAY/TOTRAT ISU2, BROWN SWISS 12 56.3 24.0 85.0 
HAY/TOTRAT KSU 81 69.3 49.1 100.0 
HAY/TOTRAT KSU, MINUS ALL HAY 72 65.5 49.1 84.7 
HAY/TOTRAT ALL HAY RATION 9 99.9 98.8 100.0 
HAY/TOTRAT 75H:25C -RATION 42 84.1 82.1 •85.0 
HAY/TOTRAT 55H:45C RATION 43 68.5 67.3 69.2 
HAY/TOTRAT 35H:65C RATION 50 49.3 48.0 51.0 
HAY/TOTRAT 1!5H:85C RATION 21 24.0 23.3 25.1 
HE/TOT ENE OVERALL 165 51.9 13.9 100.0 
HE/TOT ENE ISUl 36 45.9 15.2 76.2 
HE/TOT ENE ISU2 48 44.7 13.9 75.6 
HE/TOT ENE ISU2, HOLSTEIN 36 53.5 13.9 100.0 
HE/TOT ENE ISU2, BROWN SWISS 12 44 . 4 15.3 75.3 
HE/TOT ENE KSU 81 58.9 35.9 100.0 
HE/TOT ENE KSU, MINUS ALL HAY 72 53.8 35.9 76.3 
HE/TOT ENE ALL HAY RATION 9 99.8 97.9 100.0 
HE/TOT ENE 75H;25C RATION 42 75.3 72.7 76.3 
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T A B L E  1 1 .  ( C O N T I N U E D )  
VARIABLE EXPERIMENT NUMBER MEAN LOW HIGH 
HE/TOT ENE 55H:45C RATION 43 55.6 52.5 56.3 
HE/TOT ENE 35H:65C RATION 50 35.9 32.9 37.7 
HE/TOT ENE I5H:85C RATION 21 15.3 13.9 16.2 
FCM/TOTENE OVERALL 165 1.97 1.08 2.93 
FCH/TOTENE ISUI 36 1.98 1.52 2.58 
FCM/TOTENE ISU2 48 1.95 1.41 2.59 
FCM/TOTENE ISU2, KOLSTEIN 36 2.00 1.41 2.59 
FCM/TOTENE ISU2, BROWN SWISS 12 1.81 1.50 2.30 
FCM/TOTENE KSU 31 1.98 1.08 2.93 
FCM/TOTENE KSU, MINUS ALL HAY 72 2.00 1.08 2.93 
FCM/TOTENE ALL HAY RATION 9 1.82 1.18 2.32 
FCM/TOTENE 75H:25C RATION 42 1.91 1.52 2.76 
FCM/TOTENE 55H:45C RATION 43 1.99 1.21 2.69 
FCM/TOTENE 35H:65C RATION 50 1.99 1.08 2.93 
FCM/TOTENE i5H:35C RATION 21 2.10 1.41 2.59 
PFCM/TPENE OVERALL 165 2.12 1.44 3.23 
PFCM/TPENE ISUI 36 2.20 1.72 2.72 
PFCM/TPENE ISU2 48 1.97 1.44 2.88 
PFCM/TPENE ÎSU2, HOLSTEIN 36 2.05 1.54 2.88 
PFCM/TPENE ISU2, BROWN SWISS 12 1.73 1.44 2.21 
PFCM/TPENE KSU 81 2.18 1.46 3-23 
PFCM/TPENE KSU, MINUS ALL HAY 72 2.20 1.46 3.23 
PFCM/TPENE ALL HAY RATION 9 2.01 1.57 2-44 
PFCM/TPENE 75H:25C RATION 42 2-10 1.56 3.00 
PFCM/TPENE 55H:-45C RATION 43 2.11 1.45 2.62 
PFCM/TPENE 35H:65C RATION 50 2.18 1.47 3.23 
PFCM/TPENE 15H:85C RATION 21 2.10 1.44 2.88 
PREGE+PREH OVERALL 165 24.3 16.6 34.3 
PREGE+PREH ISUI 36 22.6 17.6 28.3 
PREGE+PREH ISU2 48 24.5 19.2 28-5 
PREGE+PREH ISU2, HOLSTEIN 36 24.2 19.2 28.5 
PREGE+PREH ISU2, BROWN SWISS 12 25.4 21.6 28.5 
PREGE+PREH KSU 81 24.9 16.6 34.3 
PREGE+PREH KSU, MINUS ALL HAY 72 24.8 16.6 34.3 
PREGE+PREH ALL HAY RATION 9 25.5 19.9 29.9 
PREGE+PREH 75H:25C RATION 42 24.7 17.6 34.3 
PREGE+PREH 55H:45C RATION 43 24.6 18.2 32.6 
PREGE+PREH 35H:Ô5C RATION 50 23.5 16.6 29.9 
PREGE+PREH 15H:35C RATION 21 24.1 18.3 28.3 
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Preliminary production 
Average whole milk production during the preliminary period, 
PREMILK,'was 53.9, 55.3, 49.0, 57.1 and 55.4 pounds per day for ISUl, 
ISU2 Holsteins, ISU2 Brown Swiss, KSU, and for all observations, re­
spectively. Respective standard deviations were 9.8, 7.9, 7.4, 8.3, 
and 8.7 pounds. Calculations using Bartlett's test for homogeneity of 
variance indicated that there was not sufficient evidence to reject the 
null hypothesis that the variances of the four groups were equal (Ostle, 
107). The test results in an uncorrected chi-square of 2.09 which is 
less than the value of 7.81 which is needed for significance. An F 
test for testing the hypothesis that the means of several normal popula­
tions are equal provided that the sample variances are equal was used 
to compare the milk production means (Ostle, 107). A calculated F of 
3.78 compared to the table value of 2.68 leads to rejection of the 
hypothesis that the means of the four groups were equal. The Scheffe' 
test, as described by Ostle (107) for comparing means indicates that 
neither the 3.2 pound difference between the ISUl and KSU means nor 
the 1.8 pound difference between the ISU2 and KSU means equaled the 
4.9 difference needed for significance. Similarly the 6.3 pound dif­
ference between ISU2 Brown Swiss and the ISU2 Holsteins was less than 
the 8.1 pound difference needed for significance. 
Averages for FCM production during the preliminary period were 
49.9, 49.5, 44.0; and 53.5 pounds per day respectively for the ISUl, 
ISU2 Holsteins, ISU2 Brown Swiss, and KSU observations. Standard de­
viations for the respective groups were 9.3, 8.5, 6.5, and 8.2 pounds. 
A chi-square of 2.09 was obtained from Bartlett's .test compared to a 
I l l  
chi-square of 7.81 needed for significance. Neither the 4.0 pounds 
difference in average milk production between the means of the ISU2 
Holstein and KSU observations nor the 3.6 pound difference between the 
ISUl and KSU means exceeded the 4.8 pound difference needed for sig­
nificance. The,only significant comparison was the 9.5 pound difference 
between the KSU mean and the ISU2 Brown Swiss mean which exceeded the 
7.7 pound difference needed for significance. 
Average butterfat production during the preliminary period was 
1.89, 1.83, 1.62, and 2.04 pounds per day respectively for ISUl, ISU2 
Holsteins, ISU2 Brown Swiss, and KSU observations. Respective standard 
deviations were .37, .32, .26, and .27 pounds. An uncorrected chi-square 
of 5.78 was obtained for the Bartlett test compared to the table chi-
square of 7.81. The 0.21 pound difference between means of the KSU 
and ISU2 Holstein observations exceeded the difference of 0.17 pounds 
needed for significance; however, the 0.15 pound difference between ISUl 
and KSU was not significant. The difference between the ISU2 Holsteins 
and the ISU2 Brown Swiss of 0.21 pound did not exceed the 0.29 pound 
needed for significance (P < .05). 
When average butterfat production was expressed as a percentage of 
average whole milk production, values of 3.5, 3.3, 3.3, and 3.6 percent 
were obtained respectively for ISUl, ISU2 Holsteins, ISU2 Brown Swiss, 
and KSU. When milk production was expressed as whole milk, the rela­
tive ranking from high to low production for the three Holstein groups 
was KSU, ISU2, and ISUl. When the production was expressed as FCM 
the ranking is KSU, ISUl, and ISU2 with the latter two averages almost 
equal. 
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Coefficients of variation for whole milk production for ISUl, ISU2 
Holsteins,. ISU2 Brown Swiss, and the KSU experimental groups were 18.6, 
17.2, 14.8, and 15.3 percent, respectively, and butterfat production 
was 19.6, 17.5, 16.0, and 13.2 percent, respectively. 
The variable "PREGE + PREHE" represents the daily average for ENE 
consumed as hay and grain during the preliminary period. Average ad 
libitum consumption for ISUl, ISU2 Holstein, ISU2 Brown Swiss, and KSU 
was 22.6, 24.2, 25.4, and 24.9 megacalories of ENE per day, respectively. 
Variances for the four groups did not appear to be equal. A Bartlett's 
test resulted in a corrected chi-square value of 8.60 which was greater 
than the 7.81 chi-square required for significance. A simple t test 
for two sample means with unequal variances indicated that the difference 
between the ISUl and KSU mean was significant (P < .001). The t test 
may exaggerate the significance of differences when used to make com­
parisons among all possible combinations of variables. However, it 
is adequate for a general indication of differences that was desired 
here. Neither the difference between the means for the ISU2 Holsteins 
and the KSU observations jior the difference between the ISU2 Holstein 
and the ISU2 Brown Swiss observations tended to be significant (P < .05) 
as indicated by the t test. 
For each individual observation, the pounds of FCM produced during 
the preliminary period was divided by the total megacalories of ENE 
consumed. Averages for this quotient appear under the abbreviation 
PFCM/TPENE. Means for the ISUl, ISU2 Holsteins, ISU2 Brown Swiss, and 
KSU observations were 2.20, 2.05, 1.73, and 2.18, respectively, with 
standard deviations of 0.24, 0.30, 0.23, and 0.37. The relatively 
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larger variation in energy intake observed among the KSU observations 
is also apparent in the variation of the efficiency of utilization. 
The uncorrected chi-square of 10.23 for the Bartlett's test was sig­
nificant (P < .05). Again the F ratio for the variance of the KSU 
experiment divided by the ISUl experiment was 2.52 which appears to 
be significant (P < .01). The t test for sample means of unequal 
variance resulted in a t value of 2.36 compared with 1.99 needed for 
significance at the five percent level. This significance should be 
accepted with caution. Similar tests on differences in FCM production 
produced similar significant differences that were not significant when 
tested with the Scheffe'' test. The difference between ISU2 Holsteins 
and ISU2 Brown Swiss means also appeared to be significant (P < .05). 
Comparison of the above production parameters does not lead to 
clear conclusions regarding production relationships. The KSU cows 
appear to have produced more milk and butterfat than ISUl or ISU2 
Holsteins but at the same time consumed more feed. When milk production 
is expressed as whole milk production, the ISUl and KSU average ef­
ficiences are similar but when milk production is expressed as FCM, 
the ISU2 Holsteins and KSU have similar efficiency averages. It appears 
that perhaps the ISU2 Holsteins were producing a slightly different 
product than the other two Holstein groups in that their milk apparently 
contained a slightly lower butterfat percentage. 
As a group the Brown Swiss cows produced less milk and butterfat 
but consumed slightly more feed than their ISU2 Holstein counterparts. 
However, in looking at the ranges for various variables and the in­
dividual observations, it appears very possible to pick from all of the 
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Holstein observations a group of 12 Holstein cows that would be almost 
identical to the Brown Swiss in all characteristics except for color. 
Other auxiliary variables 
The auxiliary variables were examined to get an indication of their 
usefulness in explaining the wide variation in milk production. Averages 
for liveweight during the preliminary period appear on the third page 
of Table 11 as the variable WTE2. The actual weight average was coded 
by dividing by 100 for use as a regression variable to form this 
variable. 
Weight is of interest as a variable as it is related to the theo­
retical maintenance requirement of the animals. Average weight during 
the experimental period is probably influenced by differences in rumen 
fill due to the different rations being fed. Average weight during the 
preliminary period is not influenced by this factor. Liveweight of the 
ruminant varies considerably from day to day. An average of a large 
number of weights appears to be advantageous for estimating the actual 
weight of a ruminant. 
The average weight of the KSU observations was approximately 170 
pounds more than the average weight of the ISUl cows and was approxi­
mately 120 pounds more than the ISU2 Holsteins. The average weights 
for the ISUl, ISU2 Holsteins, ISU2 Brown Swiss, and KSU observations 
were 1157, 1213, 1287, and 1331 pounds respectively with standard de­
viations of 158, 148, 101, and 107 pounds. A Bartlett's test resulted 
in a chi-square value of 9.70 which was significant. Removal of the 
Brown Swiss observations and recalculation of the Bartlett's test re­
sulted in a chi-square of 8.66 that exceeded the value of 7.81 needed 
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for significance. Examination of the ranges indicates that the KSU ob­
servations did not include light cows in the 900 to 1100 pound range as 
were used in the ISUl and ISU2 studies. The upper range for all three 
of the studies was about 1600 pounds. The ISUl and ISU2 Holstein groups 
were combined into a single group and compared with the KSU cows by a 
t test for means of groups with unequal variances. The resulting t of 
6.9 indicated significant (P < .01) weight differences between the KSU 
and combined Iowa State groups. 
Averages and ranges for the age of the cows at the time of 
parturition for the various experimental groups appear adjacent to the 
variable, AGE, which appears on the fourth page of Table 11. Age was 
recorded in whole months of life completed at calving time. Average 
age for the ISUl, ISU2 Holsteins, ISU2 Brown Swiss, and KSU groups 
was 61.3, 59.6, 69.5, and 62.7 months, with standard deviations of 
31.1, 25.1, 21.2, and 19.0 months. A Bartlett's test resulted in a 
chi-square value of 13.4 which was significant (P < .01). Means were 
tested with a t test for groups with unequal variances. Differences be­
tween the means for the ISU2 Holsteins and KSU groups were not signifi­
cant (P < .05), nor was the difference betweeii the means for the ISUl 
and KSU groups significant. 
The variable GAINIO attempted to estimate liveweight gain occurring 
during thé experimental period. The weight at the beginning of the eight 
week experimental period was computed as the weighted average of the 
preceding week, the first week, and the second week of the eight-week 
experimental period. The weights of 0.5, 1.0, and 0.5, were arbitrarily 
applied to averages for these three weeks. The final weight was computed 
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as a weighted average of averages for the last two weeks of the period. 
The weights of 0.5 and 1.0 were used for the last two weeks. The week 
following the experimental period was not used in calculation of the 
final weight because the ISU2 and the KSU cows were a^ libitum fed during 
that week. The difference between the initial and the final weight was 
divided by 56, the number"of days in the period, and multiplied by ten 
to obtain the average gain for a ten-day period. The means and ranges 
appear to be similar for the ISUl, ISU2 Holsteins, and KSU groups. Means 
for respective groups were -0.8, -1.1, and -1.2 pounds of gain over a 
ten-day period. The Brown Swiss averaged 8.7 pounds gain per 10-day 
period. Averages for the variables MILK and FCM on the first page of 
Table 11 indicate that a trend of increasing average milk production 
also occurred with the increasing grain percentage. Gain and ENE in­
take, HE+GE, also tended to increase with increasing concentrate levels. 
Under conditions of equal energy intake, cow ability, body weight, 
and environmental conditions, one would expect higher milk production 
to be associated with greater body weight losses. The correlation co­
efficient from Table 16 between gain and FCM production was -0.09. 
An absolute value of at least 0.16 was required for significance. 
Two temperature variables appear in Table 11 beginning on the fourth 
page. The variable TEMPAH is the average daily outside high temperature 
in degrees Fahrenheit. Average temperatures for ISUl, ISU2 Holsteins, 
and,KSU were 56, 40, and 62 degrees. The fact that ISU2 was not con­
ducted during the hot summer months and that KSU was conducted in a 
warmer climate is reflected in ranges and averages for the two groups. 
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Only daily high temperatures above 80 degrees were used in the 
calculation of the variable TEMP80. For each day that the high tem­
perature was greater than 80 degrees, the difference between the high 
temperature and 80 degrees was recorded. These differences were 
cumulated over the experimental period, divided by 56 to obtain an 
average, and then coded for regression by multiplying by 10. Climatic 
differences between experiments are reflected in these averages also. 
On the fifth page of Table 11, the inbreeding coefficients are 
given for the three experiments. The KSU cows were not inbred. Un­
doubtedly the inbreeding coefficients are correlated with the weight of 
the animals as well as their age, as the older cows in ISUl and ISU2 
tended to be less inbred.* 
The variable GRN-HîAY appearing on the seventh page of Table 11 is 
the sum of the pounds of hay and grain consumed during the experimental 
period. It was calculated as an indication of air day feed consumption. 
The average for the summation of energy consumption appears adjacent to 
the variable HE+GE. The variable HAY/TOTRAT indicates the percent of 
the ration that is hay. This variable was calculated to provide roughage 
to concentrate ratios for rations. Similarly the variable HE/TOTENE 
was calculated to compare energy rations fed with those in the experi­
mental plan. 
Comparison of preliminary and experimental production 
The preliminary variables of whole milk, butterfat and FCM production, 
ENE consumption, and efficiency of conversion were compared with their 
counterparts during the experimental period. The relative rankings of 
the ISUl, ISU2 Holsteins, and the KSU observations minus the all hay 
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ration were of most interest. During the experimental period the KSU 
cows receiving the all hay ration apparently did not consume as much 
energy or produce as much milk as the KSU cows receiving the other 
rations. Thus, the all hay ration cows were excluded from these inter-
experimental comparisons. 
To compare the relative differences in production levels during the 
preliminary period and the experimental period, the ratios listed in 
Table 12 were computed. The percentage ratio for ISUl relative to ISU2 
Table 12. Ratios of production averages expressed as percentages for 
ISUl, ISU2 Holsteins, and KSU, minus all hay, experimental 
groups for the preliminary and experimental periods 
Variable Period ISUl/KSU ISU2/KSU ISU1/ISU2 
FCM Preliminary 92.9 92.2 100.8 
Experimental 93.8 93.6 100.3 
Milk Preliminary' 94.2 96.7 97.5 
Experimental 97.7 101.4 96.4 
Butterfat Preliminary 91.7 88.8 103.3 
Experimental 90.8 87.5 103.8 
ENE Intake Preliminary 91.1 97.6 93.4 
Experimental 93.2 92,7 100.5 
FCM/ENE Preliminary 100.0 93.2 107.3 
Exper imental 99.0 100.0 99.0 
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for FCM, whole milk, and butterfat were similar for both the prelimin­
ary and experimental periods. However ISUl cows had consumed less 
energy during the preliminary period. Thus, the ISUl cows were 107.3 
percent as efficient as the ISU2 Holsteins in converting ENE to FCM 
during the preliminary period, but only 99.0 as efficient during the 
experimental period. 
The preliminary average ratios and the experimental period ratios 
for ISUl divided by KSU minus the all hay groups were also relatively 
consistent. The largest change was the relative increase of 3.5 percent 
in whole milk production by ISUl compared to KSU. 
The ISU2 Holstein and KSU ratios were the most variable when 
comparing preliminary with experimental ratios. Most evident was the 
large change in the whole milk production ratio and the ratio of FCM 
to ENE. It must be remembered differences in preliminary FCM and pre­
liminary milk production were not significant when comparing these 
ratios. 
Distribution of preliminary production for experimental treatments 
For each feeding level of each ration, preliminary FCM production 
averages and the distribution of observations among four preliminary 
FCM production levels is given for ISUl, ISU2 Holsteins, and KSU in 
Tables 13, 14, and 15. The ranges for the FCM averages were 9.8, 9.8, 
and 9.5 pounds FCM respectively for ISUl, ISU2 Holsteins, and KSU. The 
range for ISUl where the design was balanced for ability was as large 
as the ISU2 range where random assignment was practiced, or the KSU 
range where only cows of higher productivity were assigned to some ex­
perimental groups. These ranges compare to an average preliminary pro-
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Table 13. Distribution of observations according to pounds of pre­
liminary milk production at various levels of feeding and 
rations for ISUl 
Levels of feeding 
Ration PREFCM 9,000 11,000 13,000 Total 
75H:25C < 40 1 1 0 2 
40 to 50 0 1 2 3 
50 to 60 1 1 1 3 
> 60 1 . 0 0 1 
Average 51.8 44.8 47.6 48.1 
55H:45C < 40 0 0 0 0 
40 to 50 1 2 2 5 
50 to 60 2 1 0 3 
> 60 0 0 1 1 
Average 51.0 47.2 52.9 50.4 
35H:65C < 40 0 1 1 2 
40 to 50 2 1 1 4 
50 to 60 1 1 1 3 
> 60 0 0 0 0 
Average 52.1 45.5 43.8 47.1 
15H:85C < 40 1 . 0 0 1 
40 to 50 0 1 1 ' 2 
50 to 60 1 1 1 3 
> 60 1 1 1 3 
Average 53.8 53.5 54.6 54.0 
duction of 51.1 pounds with a standard deviation of 8.8 pounds. The 
tables demonstrate the wide ranges of preliminary production among the 
various experimental treatment groups. 
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Tab le 14. Distribution of observations according to pounds of pre­
liminary milk production at various levels of feeding and 
rations for ISU2 Holsteins 
Levels of feeding 
Ration PREFCM 9,000 11,000 13,000 Total 
75H:25C < 40 0 0 0 0 
40 to 50 2 3 0 5 
50 to 60 1 0 3 4 
> 60 0 0 0 0 
Average 44.6 45.9 53.9 48.1 
55H:45C < 40 0 0 1 1 
40 to 50 2 0 2 4 
50 to 60 1 3 0 4 
> 60 0 0 0 0 
• 
Average 49.2 54.2 42.8 48.7 
35H:65C < 40 0 1 0 1 
40 to 50 2 1 2 5 
50 to 60 0 0 1 1 
> 60 1 1 0 2 
Average 52.4 49.6 50.4 50.8 
15H:85C < 40 1 0 1 2 
40 to 50 0 1 1 1 
50 to 60 1 2 1 4 
> 60 1 0 0 1 
Average 54.4 49.8 47.2 50.5 
122 
Table 15. Distribution of observations according to pounds of pre­
liminary milk production at various levels of feeding and 
rations for KSU 
Levels of feeding 
Ration PREFCM 7,000 10,000 13,000 ad lib 
All hay <40 0 
40 to 50 4 
50 to 60 2 
> 6 0  .  -  3  
Average 51.2 
75H:25C > 40 0 0 0 
40 to 50 4 0 4 
50 to 60 4 2 2 
> 6 0  1 1 3 
Average 52.5 59.4 56.4 
55H:45C < 40 
40 to 50 
50 to 60 
> 60 
Average 
0 
3 
1 
2 
54.4 
0 
2 
2 . 
1 
55.5 
0 
0 
2 
0 
55.8 
1 
2 
4 
2 
51.5 
35H:65C < 40 0 0 0 0 
40 to 50 3 2 1 4 
50 to 60 3 4 1 4 
> 60 2 2 3 0 
Average 52.1 53.3 58.8 49.3 
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Correlation relationships 
Table 16 presents a correlation matrix for the 165 observations on 
the eight-week experimental period. A correlation coefficient indicates 
the extent to which two variables vary together; i.e., the extent to 
which their variations are concomitant. No causal relationships are 
implied. A coefficient of 20 is significant at the one percent level, 
and 16 is significant at the five percent level. 
Heady and Dillon (53) have expressed the opinion that when two in­
dependent variables have a correlation coefficient with an absolute 
value greater than 80 percent, that one of the variables should be re­
moved to avoid multicollinearity and the meaningless coefficients that 
may result. The only correlation that approaches 80 percent is the nega­
tive correlation between hay and grain energy. 
The correlation between weight and age, r = 63, is more than twice 
the correlation of either variable with FCM production. Both are more 
correlated with FCM production during the preliminary period than during 
the experimental period. This is partially explainable by the fact that 
the weight and age would be associated with higher levels of libitum 
intake during the preliminary period and hence, higher milk output. 
Miller and Hooven (94) found that weight had a greater association with 
milk production during earlier periods of the lactation than during 
later periods. 
Neither the temperature index nor gain is significantly (P < .05) 
correlated with FCM production. The temperature index appears to be a 
rather weak variable. The only significant correlation coefficient for 
temperature is between temperature and inbreeding, r = -22, indicating 
Table 16. Correlation matrix for 165 observations on the eight week experimental data 
PREFCM HE GE WT AGE IX TEMP80 GAIN INBRED %GE GE-HIE 
FCM 57^ -13 48 27 17 -2 -9 -10 38 60 
PREFCM 11 0 36 23 6 -27 -22 -3 14 
HE -77 22 6 -1 -11 -25 -92 9 
GE -2 9 -3 18 11 95 55 
WT 63 4 -4 -56 -11 26 
AGE IX -6 6 -33 3 22 
TEMP80 -10 -22 -4 -6 
GAIN -6 15 14 
INBRED 19 -16 
%GE 
• 
29 
^Correlation coefficients are expressed as percent, (r x 100). 
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that inbreeding coefficients were, highest in the ISU2 trial where no 
summer feeding was conducted and were lowest (zero) in the KSU trial 
which was associated with higher temperatures. 
Weight loss was associated with high production during the pre­
liminary period, and gain was associated with grain feeding. The correla­
tion between inbreeding and weight, r = -56, is five times the coefficient 
for inbreeding and experimental FCM production. The second highest cor­
relation for inbreeding is between inbreeding and age, r = -33, in­
dicating that the younger replacement cows tended to be more inbred than 
their older herd mates;, i.e., inbreeding was increasing with, time (years) 
in ISUl and ISU2. The inverse association of inbreeding with FCM pro­
duction was greater during the preliminary period than during the ex­
perimental period. This correlation may be associated with the higher 
ad libitum intakes of the older cows which tended to be less inbred and 
the steeper lactatioft curves for these older animals. 
Inbreeding is associated more with age, weight, and preliminary FCM 
production than it is associated with experimental milk production. Age 
and weight are highly correlated with each other and are more associated 
with preliminary production than with experimental production. Pre­
liminary milk is associated with experimental production to a greater de­
gree than any other variable except the sum of hay and grain energy. The 
effect of having stronger correlations between independent variables than 
the dependent variable is not fully understood. Certainly one could feel 
more comfortable if all independent variables were balanced in a factorial 
experimental design so that the correlation between independent variables 
approached zero. Multiple regression involves the correlation of an in­
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dependent variable with the residual after one or more independent vari­
ables have been regressed upon the dependent variable. The correlation 
matrix gives no clues regarding these relationships. 
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REGRESSION ANALYSES 
Background and Procedures 
Estimation of input-output relationships 
In 1956, Heady e_t (55) outlined the basic economic principles 
of input-output relationships as applied to dairy cow milk production. 
The model proposed was a basic three dimensional production surface with 
quantity of milk output on the vertical axis and with the quantity of 
forage input on one horizontal axis and then quantity concentrate input 
on the other horizontal axis. This input-output surface was bounded by 
two restrictions, a total intake restriction and a minimum level of hay. 
The intake restriction defined the maximum quantities of the various 
combinations of roughage and concentrate that the cow could consume 
during the time period represented by the model. The hay restriction 
specified the minimum level of hay required to avoid digestive dis­
turbances . 
In the initial section of this publication, "Basic Principles of 
Nutrition and Economics", the simple theory of input-output relation­
ships and profit maximization is explained. Those not familiar with 
these concepts and terminology may wish to refer to this publication. 
This theory is also printed in numerous economic texts; therefore, it 
will not be repeated in this thesis. 
Assumptions 
Several hundred regression equations were fit upon the combined data 
from all three experiments and upon various subsets of data. Regression 
equations from previous studies conducted by Hoover ^  (61) and 
Madden (83) were fit to the combined data and to subsets of the data. 
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The results of these comparisons will be presented. 
Unlike the previous studies, assumptions concerning the nature of 
the production surface will not be made. Also, the assumption of convex 
isoquants for all areas of the production surface encompassing the data 
observed will not be made. Similarly it will not be assumed that all 
cows are in a state of diminishing returns for additional energy intake. 
Too much conflicting evidence exists in the literature to make these 
generalizations. 
Procedures for finding maximum profit 
Iterative computer procedures were used to approximate isoquants 
and the maximum profit combinations of ration and level of feeding. With 
auxiliary variables set at given values, points on isoquants were located 
for a number of selected GE levels. For a given GE level, milk production 
was computed for successive units of HE until the isoquant level of pro­
duction was exceeded. One unit was subtracted from the HE level, and 
the HE unit was divided by 10. Iterative computations were made using 
the smaller unit until the isoquant level of production was again ex­
ceeded. Another repetition of the process obtained the desired accuracy. 
The point of maximum profit on the production surface was found by 
establishing five equidistant points on each of the five experimental 
ration lines. At each point, profit was computed for given price and 
auxiliary variable levels. After the point having the highest profit 
was selected, new points were established between this point and its 
adjacent points. From among these points, the point having the largest 
profit was selected. The process was repeated, each time dividing the 
distance between adjacent points by one-half until the distance between 
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adjacent points was approximately 0.02 megacalories ENE. The resulting 
point of maximum profit for each ration line was recorded. Profit at 
the upper and lower intake restriction was also recorded for each ration 
line. 
The ration line having the point with the highest overall profit 
was located in a similar manner. New ration lines were established be­
tween the ration line with the highest profit and its adjacent ration 
lines. The ration line having the maximum profit was selected from 
the new set. The process was repeated until the distance between ration 
lines represented 0.2 of one percent of ration energy from GE. 
For each price combination, ration, intake, and profit were listed 
for up to sixteen points. Changes in profit with changes in ration and 
intake can be assessed from this listing. 
All costs except the cost of grain and hay were assumed to be fixed 
during the eight-week experimental period. Profit was calculated as 
the value of FCM minus the cost of the hay and the grain. Only the area 
upon a production surface that was bounded by the intake restriction, the 
hay axis, the 15H:85C ration line, and a minimum of 15 megacalories ENE 
was considered in determining the combination of HE and GE to produce 
maximum profit. 
A number of regressions were run on the ^  libitum fed KSU cows to 
estimate an intake restraint. Only straight-line trends could be fit to 
data. None of the equations investigated were particularly appealing. 
Using a recently published intake estimate by Ward and Kelley (144) along 
with the estimate by McCullough (90), the average libitum intake levels 
of 16, 20.5, 24, 26, and 27 megacalories ENE were assigned to the all hay. 
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75H:25C, 55H:45C, 35H:65C, and 15H;85C rations. A plot of the KSU ad 
libitum observations as they lie in the HE and GE plane appears in 
Figure 10. A comparison of this plot with observations appearing in 
Figuré 2 indicated that intakes of these libitum fed cows were 
scattered over most of the range of the data" for the 75H:25C ration and 
covered the upper two-thirds of the range of intakes for the other two 
rations. M libitum intake could be better described as a wide band 
rather than an intake restriction line. 
The intake restriction line does give some assurance that about 
half of the cows will be able to consume the amount of energy recom­
mended. For the cows that can eat in excess of the intake restriction, 
the ^  libitum ration specified as optimum for maximum profit will be 
optimum only in those casés where the expansion path and ration line are 
equivalent. Maximum profit rations that fall on the intake restriction 
line will be referred to as rations ^  libitum. 
It should be noted that the intake restriction on the 15H;85C ration 
allows an intake of 27 megacalories while the observations for that 
ration extend only to 23 megacalories. Predicted production above 23 
megacalories was the result of extrapolation. Extrapolation was done 
for illustrative purposes. 
Analysis 
Experimental error 
Several attempts were made to devise regression models that would 
estimate true experimental error. True experimental error would in­
dicate the variation in production among similar cows receiving identical 
treatments. Estimates should be useful in assessing the fit of pro-
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Figure 10. Average daily intake of HE versus GE for 34 observations fed ^  libitum from the 
KSU experiment 
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duction surfaces estimated by means of regression. The residual standard 
error of a regression fit should not be expected to be lower than the 
true experimental error and a comparison of the two should provide an 
indication of lack of fit. 
Estimates were made by segregating the observations within an ex­
periment into groups that received the same level of feeding. The Brown 
Swiss were excluded as they were not replicated. The all hay and the 
15H:85C rations were also excluded as they were not represented in all 
three experiments. Pounds of FCM were regressed upon total ENE intake. 
A separate intercept and slope was fit for each of the 29 resulting groups. 
2 
A residual standard deviation of 5.30 and an R of 0.70 were obtained. 
Removing the slope variables resulted in a residual standard error of 
2 
5.70 and an R of 0.49. Adding a single covariate of preliminary FCM 
to the separate slope and intercept variables reduced the residual 
2 
standard error to 4.29 and increased the R to 0.81. 
The majority of the regressions fit had residual standard errors 
less than 4.29. Thus, the estimate was not as useful as was expected. 
The fact that this estimate is higher than most regression residual 
errors is some assurance that the formulations used were flexible enough 
to adequately describe the curvilinearity of the feed intake-milk output 
surface. 
Effects of preliminary production 
Attempts were made to look at the effects of preliminary production 
upon feed utilization for FCM production during the eight-week experi­
mental period. The five observations with the lowest preliminary pro­
duction were discarded, and the remainder of the observations were 
divided into four groups of forty observations each. Ranges of pre­
liminary FÇM production for the four groups were 36 to 45 pounds, 46 to 
51 pounds, 52 to 57 pounds, and 58 to 81 pounds. A number of equations 
were fit to each group. Equations included the linear and quadratic 
variables for hay and grain as consumed and the variables for preliminary 
production, weight, age, and temperature. None of the auxiliary vari­
ables were consistently significant. Four simple equations are given 
in Table 17. A t of 2.0 is significant (P < .05) for 35 degrees of 
freedom. 
In Table 17, RSS stands for the regression sum of squares or sums 
of squares due to regression. The estimated mean square, EMS, was ob­
tained by dividing the residual sum of squares, or sum of squares about 
regression by the residual degrees of freedom, DP. The residual stan­
dard deviation appears under the abbreviation STD DEV. The ratio of 
2 
the regression sum of squares to the total sum of squares, the R value, 
appears under the abbreviation R SQ. 
Diagrams indicating the FCM output-energy input relationships ob­
tained from each equation .for the 55H:45C ration and the 15H:85C ration 
appear in Figures 11 and 12, respectively, for each of the four equa­
tions. Hay and grain were converted to ENE by assuming 0.4 megacalories 
per pound of hay and 0.7 megacalories per pound of concentrate. Hay 
energy and grain energy isoquants for 35 pounds of FCM production appear 
in Figure 13. The differences between the various preliminary pro­
duction groups were not as consistent as anticipated. 
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TABLE 17. REGRESSIONS FOR FOUR PREFCM RANGES 
EQUATION 403. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
HAY 
CRN 
HAY.HAY 
GRN.GRN 
GRN.HAY 
36 TO 45 LB. 
FCM 
COEFFICIENT 
-4.571E+01 
3-229E+00 
4-6G3E+00 
-3.616E-02 
-6.229E-02 
-8.302E-02 
PREFCM, 40 COWS 
RSS 6.965E+02 
VALUE 
2.3 
3.1 
4.4 
2.6 
4.1 
3.2 
OF 
34 
EMS 1.495E+01 
STD OEV 
3-87 
R SQ 
0.578 
EQUATION 423. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
HAY 
GRN 
GRN.GRN 
46 TO 51 LB, 
FCM 
COEFFICIENT 
1.355E+01 
4.794E-01 
4.507E^01 
2.317E-02 
PREFCM, 40 COWS 
RSS 9-067E+02 
T VALUE OF 
2.7 36 
4.2 
1.4 
2.1 
EMS 1.379E+0I 
STD DEV 
3.71 
R SQ 
0.646 
EQUATION 444. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
HAY 
GRN , 
GRN.GRN 
51 TO 57 LB, 
FCM 
COEFFICIENT 
1.130E+01 
3.819E-01 
1.802E+00 
-2.886E-02 
FCM, 40 COWS 
RSS 8.735E+02 
VALUE 
1.9 
3.0 
3.7 
1.9 
OF 
36 
EMS 2.256E+01 
STD DEV 
4.75 
R SQ 
0.518 
EQUATION 465. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
HAY 
GRN 
GRN.GRN 
57 TO 81 LB. 
FCM 
COEFFICIENT 
1.414E+01 
4.520E-01 
1.565E+00 
-1.556E-02 
PREFCM, 40 COWS 
RSS 1.008E+03 
T VALUE OF 
2.7 36 
4.4 
4.2 
1.3 
EMS 2.029E+01 
STD DEV 
4.50 
R SQ 
0.580 
57 
T r 
49 465 
m 
I 
fx 
S 
P 41 
33 
(jj 
Ln 
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25 
Figure 11. Average daily FCM output-ENE input relationships for the 55H:45C ration for four levels 
of preliminary milk production from Equations 403, 423, 444, and 465 
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Figure 12. Average daily FCM output-ENE input relationships for the 15H;85C ration for four 
levels of preliminary milk production from Equations 403, 423, 444, and 465 
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5 , 10 15 20 25 
GE, megacalories 
Figure 13. 35 lb. isoquants for daily FCM production as predicted by Equations 403, 423, 444, 
and 465 
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Hoover equations 
The regression variables fit in Equations 860 through 869 appear­
ing in Table 18 are similar to the variables fit in equations published 
by Hoover et (61). However, in this study the variable WEIGHT was 
based upon the average of cow weights taken during the preliminary 
period as compared to the Hoover study where weight was based upon the 
average of weights during the preliminary and previous two-week adjust­
ment period. Weights were not available for all cows during the first 
two weeks of lactation. Also the variable GAIN in this study was computed 
as the difference of the weighted average of weights near the beginning 
and the end of the eight-week experimental period while the KSU study 
employed a regression technique to the estimate GAIN. The temperature 
variable was based upon outside rather than inside temperatures. 
The two functions fit to the KSU data and published by Hoover e_t al. 
(61) have the same variables as do Equations 860 and 861 which were re­
gressed upon the combined data set of 165 observations. 
A data set of 163 observations was formed by removing observations 
138 and 152. They were removed because it is doubtful that a practical 
dairyman would feed high levels of energy to these inefficient cows. 
When Equation 862 was estimated from the resulting data set, a consider­
able reduction occurred in the magnitude of the coefficients of the 
quadratic terms and cross products of GE and HE. Observation 98 was re­
moved because of low production and poor efficiency. Equation 863 fit 
to the resulting data set of 162 observations was similar to Equation 
862. Equation 864 resulted from a data set of 160 observations after 
removal of observations 60 and 118. The sign of the HE.HE coefficient 
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TABLE 18. REGRESSION EQUATIONS LIKE HOOVER'S 
EQUATION 860. KSU EQUATION If 165 OBSERVATIONS 
DEPENDENT VAR FCM RSS 6j358E+03 EMS 1. 712E+01 
VARIABLE COEFFICIENT T VALUE DF STD OEV R SQ 
INTERCEPT -3.941E+01 1.7 147 4.13 0.716 
GE 4.175E+00 3.1 
HE 3a359E+00 1.8 
GE.GE -8.590E-02 3.3 
HE.HE .—5.966E—02 1.3 
GE.HE -1.375E-01 2.2 
PREFCM 3.924E-01 9.2 
WTE2 1.520E+00 0.7 
TEMPKS -1.186E+00 1.4 
GAIN 6.835E-01 0.4 
GE.WTE2 .-2.874E-02 0.3 
HE.WTE2 -4.407E-03 0.0 
HE.AGE IX 3.714E-03 0.3 
GE.TEMPKS 1.713E-01 2.4 
GE.AGE IX 1.031E-02 1.1 
PREFCM.GAIN -2.567E-02 0.6 
WTE2.AGE IX -1.540E-02 0.9 
GAIN.TEMPKS 2.542E-01 0.5 
EQUATION 861. KSU EQUATION 2, 165 OBSERVATIONS 
DEPENDENT VAR FCM RSS 6.35^E+03 EMS 1. 727E+01 
VARIABLE COEFFICIENT T VALUE DF STD OEV R SQ 
INTERCEPT -4.265E+01 2.5 146 4.15 0.716 
GE 4.484E+00 4.2 
HE 3.834E+00 2.7 
PREFCM 3.965E-01 9.2 
WTE2 8.814E-01 0.8 
AGE IX 1.323E-01 0.6 
TEMPKS -1.208E+00 1.4 
GAIN 1.684E+00 0.3 
GE.GE -8.862E-02 3.6 
HE.HE -5.962E-02 1.4 
GE.HE —1.430E—01 2.5 
HE.AGE IX 5.066E—03 0.6 
GE.TEMPKS 1.776E-01 2.5 
PREFCM.GAIN -1.879E-03 0.0 
WTE2.AGE IX -1.094E-02 • 0.6 
GAIN.TEMPKS 3.015E-01 0.6 
HE.GAIN -8.151E-02 0.8 
WTE2.GAIN -1.428E-01 0.3 t 
AGE IX.GAIN 5.889E-03 0.1 
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TABLE 18. (CONTINUED) 
EQUATION 862. KSU EQUATION If 163 OBSERVATIONS 
DEPENDENT VAR FCM RSS 6 .488E+03- EMS I .617E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
INTERCEPT -2.376E+01 1.0 145 4.02 0.735 
GE 2.563E+00 . 1.8 
HE 1.863E+00 1.0 
GE.GE -3.635E-02 1.2 
HE.HE -1.653E-02 0.4 
GE.HE .—4.400E—02 0.7 
PREFCM 3.781E-01 9.1 
WTE2 1.421E+00 0.7 . 
TEMPKS -1.325E+00 1.6 
GAIN 1.257E+00 0.7 
GE.WTE2 -2.595E-02 0.3 
HE.WTE2 -1.058E-02 0.1 
HE.AGE IX 1.24iE-03 0.1 
GE.TEMPKS 1.490E-01 2.1 
GE.AGE IX 6.123E-03 0.6 
PREFCM.GAIN -3.992E--02 0.9 
WTE2.AGE IX -1.154E-02 0.7 
GAIN.TEMPKS 1.889E-01 0.4 
EQUATION 863. KSU EQUATION It 162 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5 .887E+03 EMS 1 .628E+01 
VARIABLE COEFFICIENT T VALUE . OF STD DEV R SQ 
INTERCEPT —2.418E+01 1.0 144 4.03 0.715 
GE 2.601E+GG 1.8 
HE 1.918E+00 1.0 
GE.GE • -3.889E-02 1.2 
HE.HE -1.901E-02 0.4 
GE.HE -4.9C1E-02 0.7 
PREFCM 3.793E-C1 9.0 
WTE2 1.41ÛE+00 0.7 -
TEMPKS .-1.392E+00 1.5 
GAIN 1.294E+G0 0.7 
GE.WTE2 -2.284E-02 0.3 
HE.WTE2 -8.848E-03 0.1 
HE.AGE IX 1.689E-03 0.1 
GE.TEMPKS 1.560E-01 1.9 
GE.AGE IX 6.541E-03 0.7 
PREFCM.GAIN -4-G65E-02 1.0 
WTE2.AGE IX -1.226E-02 0.7 
GAIN.TEMPKS 2.017E-01 0.4 
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T A B L E  1 8 .  ( C O N T I N U E D )  
EQUATION 864. KSU EQUATION 1, 160 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5o 77iE+03 EMS 1. 505E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
INTERCEPT -2.196E+01 1-0 142 3.87 0.730 
GE 1.998E+00 , 1.4 
HE 8.396E-01 0.5 
GE.GE -3.362E-02 1.1 
HE.HE 3.976E-03 0.1 
GE.HE -2.366E-G2 0-3 
PREFCM 3.450E-01 8-3 
WTE2 2.621E+00 1.3 . 
TEMPKS -1.256E+00 1-4 
GAIN 1.403E+00 0.8 
GE.WTE2 -2.678E-02 0-3 
HE.WTE2 -3.444E-02 0-3 
HE.AGE IX 1.406E-02 1-1 
GE.TEMPKS 1.336E-01 1-7 
GE.AGE IX 1.224E-02 1-3 , 
PREFCM.GAIN .-4.393E-02 1-1 
WTE2.AGE IX -2.716E-02 1-6 
GAIN.TEMPKS 2.502E-01 0-5 
EQUATION 865. KSU EQUATION 1 ON ISUl, 36 OBSERVATIONS 
DEPENDENT VAR FCM RSS 1-203E+03 EMS 4. 631E+00 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
INTERCEPT 6.071E+01 1-1 18 2.15 0.935 
GE -3.726E+00 0-7 
HE -6.255E+00 1-0 
GE.GE 1.177E-01 0-6 
HE.HE 2.517E-01 1-1 
GE.HE • 4.098E-Q1 1-1 
PREFCM 2.978E-01 4-9 
WTE2 .-1.088E+00 0-3 
TEHPKS 5.360E+00 1-6 
GAIN 1.518E+00 0-3 
GE.WTE2 6.595E-02 • 0-4 
HE.WTE2 —1.688E—02 0-1 
HE.AGE IX -1.316E-02 0-7 
GE.TEMPKS -6.502E-01 2-2 
GE.AGE IX .-I.98CE-02 1-0 
PREFCM.GAIN -2.601E-02 0-3 
WTE2.AGc IX 1.732E-02 0.5 
GAIN.TEMPKS -3.818E+00 1.4 
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EQUATION 866. KSU EQUATION 1 ON ISU2, 35 OBSERVATIONS 
DEPENDENT VAR FCM RSS 1.072E+03 EMS 1. 244E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
INTERCEPT -5.286E+01 71.5 20 3,53 0.812 
GE 6.716E+00 0.9 
HE 7.788E+00 0.8 
GE.GE -4.424E-02 0.2 
HE.HE -1.333E-01 0.4 
GE.HE —1.933E—01 0.3 
PREFCM 3.092E-01 3.3 
WTE2 -6.786E-01 ' 0,1 
GAIN -9.724E+CG 1.2 
GE.WTE2 -9.077E-02 0.3 
HE.WTE2 .-8.835E-02 0.3 
HE.AGE IX -3.463E-02 0.8 
GE.AGE IX -3.254E-02 0.9 
PREFCM.GAIN 1.759E-01 1.0 
WTE2.AGE IX 5.157E-02 0.8 
EQUATION 867. KSU EQUATION 1 ON 71 ISU HOLSTEINS 
DEPENDENT VAR FCM RSS 2.166E+03 EMS 8. 352E+00 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
INTERCEPT -6.492E+00 0.2 53 2.89 0.830 
GE 2.668E+00 0.6 
HE 1.694E+00 0.3 
GE.GE -2.335E-02 0.2 
HE.HE ,-5.22IE-03 0.0 
GE.HE -1.444E-03 0.0 
PREFCM 2.726E-G1 5.5 
WTE2 -4.343E-01 0.1 
TEMPKS 3.161E+00 0.8 
GAIN -2.336E-01 0.1 
GE.WTE2 -6.473E-G3 0.0 
HE.WTE2 -5-897E-03 0.0 
HE,AGE IX -8.874E-03 0.5 
GE.TEMPKS -4.122E-01 1.2 
GE.AGE IX .-7.272E-03 0.5 
PREFCM.GAIN -3.167E-02 0.4 
WTE2.AGE IX 1.059E-02 0.4 
GAIN.TEMPKS -I.788E-01 0.1 
EQUATION 868. KSU EQUATION 1 ON 77 KSU OBSERVATIONS 
DEPENDENT VAR FCM RSS 3.628E+03 EMS 2. 047E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
INTERCEPT -1.063E+Û2 1.9 59 4.52 0.750 
GE 3.931E+00 1.6 
HE 4.571E+00 1.4 
GE.GE -6.637E-02 1.6 
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TABLE 18. (CONTINUED) 
HE.HE —8. 142E-r02 1.1 
GE.HE -7.772E-02 0.8 
PREFCH 3.686E-01 4.8 
WTE2 1.049E+01 2.1 
TEMPKS -1.616E+00 1.4 
GAIN -6.568E+00 . 1.1 
GE.WTE2 -1.597E-01 0.9 
HE.WTE2 -3.266E-01 1.5 
HE.AGE IX 6.239E-02 2.4 
GE.TEMPKS 2.208E-01 2.1 
GE.AGE- IX 2.833E-02 1.6 
PREFCM.GAIN 9.577E-02 0.9 
WTE2.AGE IX -8.015E-02 2.5 
GAIN.TEMPKS 6.421E-01 1.0 
EQUATION 869. KSU EQUATION 1 ON 81 
DEPENDENT VAR FCM RSS • 
VARIABLE COEFFICIENT T VALUE 
INTERCEPT -1.222E+02 2.2 
GE . 5.577E+00 2.4 
HE 6.026E+00 1.8 
GE.GE -9.679E-02 2.8 
HE.HE -1.084E-01 1.5 
GE.HE -1.473E-01 1.6 
PREFCM 4.260E-01 5.8 
WTE2 1.025E+01 2.0 
TEMPKS . -1.357E+00 1.2 
GAIN -l.lGOE+01 2.1 
GE.WTE2 -1.843E-01 1.0 
HE.WTE2 -3.284E-G1 1.5 
HE.AGE IX 5.653E-02 2.1 
GE.TEMPKS 2.363E-01 2.5 
GE.AGE IX 2.602E-G2 1.5 
PREFCM.GAIN 1.814E-01 1.9 
WTE2.AGE IX -7.248E-02 2.3 
GAIN.TEMPKS 7.693E-01 1.2 
KSU OBSERVATIONS 
4.316E+03 EMS 2-161E+Û1 
OF STO DEV R SQ 
63 4.65 0.760 
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became positive. 
In order to examine the relationship between FCM production and 
ENE input, the auxiliary variables were set at the following levels: 
PREFCM, 50 pounds; WTE2, 13 hundred pound units; AGE IX, 54 months; 
GAIN and TEMPKS were set at zero. Comparisons among the 55H;45C 
ration lines and FCM isoquants for Equations 860, 862, and 864 are 
illustrated in Figures 14 and 15. The removal of the five observations 
noticeably reduced the curvature of the ration lines. 
Fitting the regression variables of Equation 860 to the 36 ISUl 
observations resulted in the upward curving 55H:45C ration line in 
Figure 16 and the concave isoquants in Figure 17 of Equation 865. This 
phenomenon was observed in this data set for other quadratic models 
that fit fewer variables and interaction terms. 
Equation 866 was fit upon the Holstein cows from the ISU2 experi­
ment with the exception of observation 60. The production surface that 
resulted is illustrated by the downward curving of the 55H:45C ration 
line drawn in Figure 16. The highest intake for the trial was only 
about 23 megacalories. The diminishing returns characteristics of this 
function are probably partially due to the fact that FCM production was 
lower for the 13,000 pound level of feeding than for the 11,000 pound 
level for both the 55H:45C and the 15H:85C rations. These two experi­
ments were conducted under very similar conditions; yet apparently 
random variation has caused the curved surfaces estimating the relation-
•. 
ship between FCM production and energy intake to be rather different 
for the two groups. The procedure of fitting a large number of vari­
ables that may be relevant to production does not necessarily reconcile 
864, 160 
62, 163 44 
860, 165 
40 
36 
864 
860 
20 
ENE intake, megacalories 
Figure 14. Average daily FCM output-ENE input relationships for the 55H:45C ration as predicted 
by Equations 860, 862, and 864 
0 5 10 15 20 25 
GE, megacalories 
Figure 15. Isoquants for 35 and 40 pounds of daily production for Equations 860, 862, and 864 
865, ISUl 
40 
866, ISU2 Holsteins 
36 
32 
25 20 
ENE intake, megacalories 
Figure 16. Average daily FCM output-ENE input relationships for the 55H:45C ration as predicted 
by Equations 865 and 866 
865, ISUl 
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866, ISU2 Holstein 866 
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865 
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40 
40 
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Figure 17. Isoquants for 35 and 40 pounds of daily FCM production for Equations 865 and 866 
the differences between the two sets of data and result in a similar 
curve for both data sets. Both curves are shaped by the variation 
within the data set upon which they were fit. Treatment differences 
in these experiments as reported by Bloom (20) and Hotchkiss (62) were 
not significant enough to attach considerable meaning to the differences 
between the two curves illustrated in Figures 16 and 17. Few of the t 
values for coefficients are significant in these equations. The purpose 
of these equations was to duplicate regression equations published by 
Hoover et al. (61). 
The original equation fit upon the 81 KSU observations appears as 
Equation 869 in Table 18. Because of the changes in the variables ex­
plained previously, t values obtained were not as significant as those 
obtained by Hoover ^  (61). The effect of removing four cows from 
the KSU data in 869 is illustrated by Equation 868. Figure 18 illus­
trates that the marginal product of a 55H;45C ration as was estimated by 
Equation 868 diminished at a less rapid rate. With the exception of 
PREFCM, few of the t values for coefficients tend to be significant ex­
cept when fit to the total KSU data set. 
In Figures 18 and 19 these KSU equations can be compared with the 
ISUl and ISU2 Hols tein data which were combined to fit Equation 867. Two 
reasons for differences in the isoquants are, first, FCM production of 
cows receiving the 75H:25C ration in KSU was considerably higher than 
production for the same ration in ISUl and ISU2. Secondly, ISUl and 
ISU2 demonstrated rather high efficiency for utilization of the 15H:85C 
ration which was not included in the KSU data. 
44 
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Figure 18. Average daily FCM output-ENE input relations for thé 55H:45C ration as predicted by 
Equations 867, 868, and 869 
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Figure 19. Isoquants for 35 and 40 pounds of daily FCM production for Equations 867, 868, and 
869 
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The effects of varying FCM prices for two hay and grain price 
combinations were investigated for Equation 864 which fit upon the 
combined data of 160 observations. The results of iterating FCM prices 
from $6 to $3 per cwt. are given in Table 19. When hay prices were $30 
per ton and grain prices were $60, ^  libitum intakes of rations de­
riving 77 to 74 percent of their ENE from grain were recommended for 
FCM prices from $6 to $5.40 per cwt. For FCM prices from $52.0 to $3 
various levels of the 15H:85C ration were recommended to produce maxi­
mum profit. When hay prices were $20 per ton and grain was $60, maxi­
mum profit solutions fell along the intake restriction line. Rations 
recommended ranged from aÂ libitum levels of a 39H:61C ration for $6 
FCM to a 70H:30C ration at FCM prices of $3. 
Differences between the profits of the various rations for four 
price combinations as predicted by Equation 864 are given in Table 20. 
For the two combinations of prices where the 15H:85C ration is favored, 
the profit advantage over the 35H:65C ration is one cent for an FCM 
price of $5 and is four cents for an FCM price of $3. 
Simple models for GE and HE 
In Table 21 Equations 741 through 745 are models with variables 
selected from those listed in Equation 781. Equation 781 contains 
quadratic terms for GE and HE plus selected cross products for these two 
variables and selected auxiliary variables. Equations 741 through 745 
were fit with the restriction that, with the exception of the intercept, 
all t values for the standard errors of the coefficients must be sig­
nificant at the five percent level or less. 
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Table 19. Effects of changing FCM prices on profit maximizing rations, 
levels of feeding, and FCM production for two price combina­
tions for hay and grain derived from Equation 864 on 160 
observations 
Grain 
Hay 
at 
at 
$60/ton 
$20/ton 
Grain 
Hay 
at $60/ton 
at $30/ton 
Milk prices 
per cwt. 
FCM, Percent of ENE 
lb. from grain to 
be fed ad libitum 
FCM, 
lb. 
Megacalories 
of a 15H;85C 
ration to 
be fed 
$ 6 . 0 0  46.5 61 47.8 ad 1ib^ 
5.80 46.3 60 , 47.7 ad lib^ 
5.60 46.1 59 47.6 ad 1ib^ 
5.40 45.9 57 47.6 ad 1 ib^ 
5.20 45.5 55 46.3 24.4 
. 5.00 45.3 54 45.8 23.8 
4.80 44.9 51 45.2 23.2 
4.60 44.5 49 44.6 22.5 
4.40 44.1 46 43.9 21.7 
4.20 43.9 45 43.0 20.9 
4.00 43.9 45 42.1 20.0 
3.80 43.9 45 41.0 18.9 
3.60 42.9 41 39.7 17.8 
3.40 42.1 39 38.2 16.6 
3.20 41.0 35 36.2 15.0 
3.00 39.5 30 36.2 15.0 
^23H:77C, 24H:76C, 25H:75C, and 26H:74C rations were indicated for 
FCM prices from $6.00, $5.80, $5.60, and $5.40, respectively. 
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Table 20. Profitability of five rations at four price combinations as 
predicted by Equation 864 
Price Combinations 
FCM price/cwt. $ 5. $ 3. $ 5. $ 3. 
Hay price/ton 30. 30. 20, 20. 
Grain price/ton 60. 60. 60. 60. 
Ration Profit 
All hay $ 0.89 $ 0.29 $ 1.09 $ 0.50 
75H:25C 1.10 0.35 1.30 0.54 
55H:45C 1.24 0.39 1.40 0.52 
35H:65C 1.28 0.42 1.39 0.49 
15H:85C 1.29 0.46 1.33 0.48 
With the exception of the model for the 71 ISUl Holsteins, all models 
consisted of only two variables and the intercept. The residual standard 
error for this equation was as low as any model fit on that particular 
group of observations. Neither this or any of the other equations con­
tain quadratic terms for hay or grain. Ration lines and isoquants for 
Equations 743, 746, and 747 appear in Figures 20 and 21. These assume 
preliminary milk production of 50 pounds per day, zero gain, weight of 
1300 pounds, and a value of 13 for TEMP80. 
Equation 743 on 160 observations indicates.that each additional 
pound of milk required 1.12 pounds concentrate or 2.95 pounds of hay for 
cows with 50 pounds preliminary FGM production. This assumes 0.4 mega-
calories ENE per pound of hay and 0.7 megacalories ENE per pound of grain 
mixture. 
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TABLE 21. SIMPLE MODELS FOR HE AND GE 
EQUATION 741. 165 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5-802E+03 EMS 1. 892E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
PREFCM.GE 2.569E-02 17.4 162 4.35 0.654 
PREFCM.HE 1.756E-02 10.8 
INTERCEPT 1.673E+01 0.0 
EQUATION 742- 162 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5. 570E+03 EMS 1. 670E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
PREFCM.GE 2.581E-02 18=1 159 4.09 0.677 
PREFCM.HE 1.749E-02 11.4 
INTERCEPT 1.692E+01 0.0 
EQUATION 743. 160 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5. 391E+03 EMS 1. 598E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
PREFCM.GE 2.553E-02 18.3 157 4.00 0.682 
PREFCM.HE 1.695E-02 11.1 
INTERCEPT 1.744EV01 0.0 
EQUATION 744. 148 OBSERVATIONS, BROWN SWISS EXCLUDED 
DEPENDENT VAR FCM RSS 5. 298E+G3 EMS 1. 585E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
GE 7.509E-G1 2.8 143 3.98 0.700 
PREFCM.GE 1.392E-02 3.4 
GAINIO.GE -1.333E-02 2.5 
PREFCM.HE 2.060E-02 9.9 
INTERCEPT 1.373E+01 0.0 
EQUATION 745. 123 OBSERVATIONS, 75H:25C, 55H845C, 35H: 65C 
DEPENDENT VAR FCM RSS 4. 091E+03 EMS 1. 662E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
HE.GE 1.426E-01 11.8 119 4.08 0.674 
PREFCM 3.388Ë-01 7.5 
GAINIO.GE -1.4G9E-02 2.1 
INTERCEPT 8.729E+00 0.0 
EQUATION 746. ISUl AND ISU2 HOLSTEINS , 71 OBSERVATIONS 
DEPENDENT VAR FCM RSS 2. 196E+03 EMS 6. 431E+00 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
GE.HE 4.528E-02 3.1 64 2.54 0.842 
GAINIO 1.715E+00 3.2 
HTE2.GAIN10 -1.511E-01 3.4 
PREFCM.GE 2.118E-02 13.7 
TEMP80.GE -3.821E-02 2.5 
PREM.HE 7.856E-03 3.6 
INTERCEPT 2.022E+01 0.0 
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TABLE 21. (CONTINUED) 
EQUATION 747. KSU, 77 .OBSERVATIONS 
DEPENDENT VAR FCM RSS 3-131E+03 
VARIABLE COEFFICIENT T VALUE DF 
GE.HE 1.094E-01 8.8 74 
PREFCM 4-300E-01 6.2 
INTERCEPT 7.418E+00 0.0 
EQUATION 781. FULL QUADRATIC MODEL, 165 OBSEI 
DEPENDENT VAR FCM RSS 6.447E+03 
VARIABLE COEFFICIENT T VALUE DF 
HE 3.301E+00 1-7 141 
GE 3.741E+00 2.5 
HE.HE -6.854E-02 1.4 
GE.GE -9.458E-02 3.4 
GE.HE -1.522E-01 2.2 
PREFCM. .—4.414E—01 0.9 
WTE2 1.063E+00 0.4 
AGE IX -2.042E-02 0.1 
TEMP80 -1.316E+00 1.6 
GAIN 3.202E-03 0.0 
WTE2.AGE IX -3.113E-02 1.3 
WTE2.GAIN -6.987E-03 0.2 
PREFCM.WTE2 4.771E-G2 1.3 
PREFCM.GE 1.731E-02 1.2 
WTE2.GE -7.111E-02 0.6 
AGE IX.GE 1.755E-02 1.3 
TEMP80.GE 8.541E-02 2.5 
GAIN.GE 6.997E-03 0.4 
PREFCM.HE 4.908E-03 0.3 
WTE2.HE -5.927E-02 0.4 
AGE IX.GE 1.785E-02 1.1 
TEKP80.HE 6.209E-02 1.1 
GAIN.HE -2.911E-03 0.2 
INTERCEPT -1.245E+01 0.4 
EMS 2.302E+01 
STD DEV 
4.80 
R SQ 
0.648 
EMS 1.717E+01 
STD DEV R SQ 
4.14 0.727 
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Figure 20. Average daily FCM output-ENE input relationships for the 55H:45C ration as predicted 
by Equations 743, 746, and 747 
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Figure 21. Isoquants for 35 and 40 pounds of daily FCM production for Equations 743, 746, and 
747 
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When the feed intake restriction was placed upon the linear pro­
duction surface or Equation 743, a small range of price combinations 
existed for which profit maximizing rations contained various ratios of 
hay and grain. With grain prices of $60 per ton, hay at $20 per ton, 
and FCM prices between $4 and $5 per cwt., maximum profit could be ob­
tained by feeding the 15H;85C ration ^  libitum. With FCM prices of 
$3.80, $3.60, and $3.40, ad libitum levels of 35H:65C, 55H:45C, and 
75H:25C resulted in maximum daily profit. For these prices, maximum 
difference between profits for ^  libitum intakes of any of the five ex­
perimental rations was less than five percent. At $3.20 and $3.00, an 
all hay ration fed ad libitum was optimum. 
Milk and feed prices appear to have a larger effect on profits than 
do differences between rations. These differences are illustrated in 
Table 22 where the profitability of feeding the five different rations 
at optimum intakes are compared for four price combinations. Again 0.4 
megacalories ENE per pound of hay and 0.7 megacalories ENE per pound of 
grain were assumed. The savings from substituting cheaper hay for grain 
are not fully realized because intake and milk production are reduced 
by substitution of hay for grain. 
A comparison between the predicted FCM production of a cow with 50 
pounds preliminary FCM production from Equation 743 and suggested al­
lowances for a 1300 pound cow by Van Horn (140) is made in Table 23. The 
amount of ENE required for an additional 5 pounds FCM are 5.4, 4.8, and 4.1 
megacalories for the all hay, 55H:45C, and 15H:85C rations, respectively. 
This comparies with a 2.0 megacalorie requirement specified by Van Horn 
(140), This observation is consistent as the slope of the Input-output 
160 
Table 22. Profitability of five rations at four price combinations as 
predicted by Equation 743 
Price Combinations 
Milk price/cwt. $ 5 $ 3 $ 5 $ 3 
Hay price/ton 30 30 20 20 
Grain price/ton 60 60 60 60 
Ration Profits 
All hay $0.95 $0.34 $1.15 $0.53' 
75H:25C 1.05 0.37 1.25 0.51 
55H:45C 1.16 0.39 1.33 0.50 
35H:65C 1.27 0.42 1.38 0.48 
15H:85C 1.37 0.44 1.42 0.47 
ad ad 
Level of feeding libitum minimum libitum minimi 
a 
The all hay ration was fed ^  libitum while the other rations in 
this column were fed at the minimum intake of 15.0 megacalories. 
Table 23. Comparison of suggested allowances with ENE intake and FCM 
production for three rations as predicted by Equation 743 
FCM All Hay 55H:45C 15H:85C Allowance 
lb. ENE ENE E«E ENE 
35 
40 
45 
20.8 
26.2  
16.9 
21.7 
26.5 
14.5 
18.6 
22.7 
20 
22 
24 
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function can be expected to be less than the slope of the suggested al­
lowance line. 
In conjunction with these models a number of attempts were made to 
account for differences between the ISUl, ISU2 Holstein, ISU2 Brown 
Swiss, and KSU data sets. These included intercept dummy variables for 
each data set plus dummy variables for linear and quadratic terms of 
HE and GE, as well as PREFCM dummy variables. None of the numerous 
combinations tested resulted in evidence that the coefficients for the 
separate dummy variables were significantly different from a common vari­
able representing the entire data set. In many cases, models that in­
cluded dummy variables resulted in a higher residual standard deviation 
than models fitting common variables. 
Summation of the energy in hay and grain 
The high negative correlation between grain and hay and the effect of 
this correlation upon least square results was questioned. The experi­
mental design for hay and grain is not a true factorial in the sense that 
there exists no high grain, high hay treatment. Because of the stomach 
capacity of a cow, a high grain intake necessitates a low hay intake. 
In order to counter this problem the hay and grain were aggregated on 
an energy basis to form the variable GE+HE. It may be hypothesized that 
ENE values for hay tend to overestimate the feeding value of hay and 
therefore, it is possible that a unit of ENE from hay may be different 
than a unit of ENE from grain. To allow for this aggregation error, 
models were fit which had dunmy variables to allow separate intercepts, 
separate slopes, and separate quadratic effects for each ration. The 
t values for coefficients of these variables were occasionally signifi­
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cant depending upon the combination of variables fit. For equations 
where all observations were combined, models which allowed for estimation 
of separate ration intercepts resulted in fairly stable coefficients for 
these intercepts. 
When a single variable, %HE, the percent of the total ration energy 
coming from the hay was substituted for the five ration intercept vari­
ables, regressions having a lower residual standard deviation and signifi­
cant t value for the coefficient of %HE resulted. The variables %HE and 
its square allowed for intercept differences due to the difference in 
hay and grain energy. Neither the square of %HE or the %HE.HE+GE inter­
action resulted in significant (P < .05) coefficients in the models 
studied. 
In Table 24 variables in Equations 730 through 734 were selected 
from variables in Equation 782 and the additional variables of LOGlO 
(7oHE) and LOGlO(GE-HiE). Only coefficients with t values significant at 
the five percent level or less were allowed to remain in these equations. 
For the combined data sets, no other auxiliary variable could be added 
to the equations at the five percent level of significance after the 
variables %HE and preliminary FCM and GE-HîE interaction were fit. All 
models contained only two variables in addition to the intercept except 
for the ISU Holstein model which included the LOG10(GE+HE) variable. 
The residual standard errors of the equations for 165, 162, 160 and 77 
KSU observations were lower than their counterpart equations in the 
741 to 747 series. 
The correlation coefficient in Table 16 indicates that the sum of 
energy intake GE-fflE was the only variable that was more correlated with 
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TABLE 24. THE SUMMATION OF HE AND GE 
EQUATION, 730. 
DEPENDENT VAR 
VARIABLE 
SHE 
PREFCM.GE+HE 
INTERCEPT 
165 OBSERVATIONS 
FCM 
COEFFICIENT 
-8.673E-02 
2.127E-02 
2.I50E+01 
RSS 5.892E+03 EMSI-836E+0I 
VALUE OF STO DEV R SQ 
5.8 162 4.29 0.665 
15.9 
0.0 
EQUATION 731. 162 OBSERVATIONS 
DEPENDENT VAR FCM 
VARIABLE COEFFICIENT 
%HE -8.525E-02 
PREFCM.GE+HE 2.142E-02 
INTERCEPT 2.147E+01 
EQUATION 732. 160 OBSERVATIONS 
DEPENDENT VAR FCM 
VARIABLE COEFFICIENT 
%HE -9.013E-02 
PREFCM.HE+GE 2.092E-02 
INTERCEPT 2.234E+01 
RSS 5.605E+03 EMS 1.648E+01 
VALUE DF STD DEV R SQ 
6.0 159 4.06 0.681 
16.6 
0.0 
RSS 5.453E+03 EMS 1.559E+01 
VALUE DF STO DEV R SQ 
6.4 157 3.95 0.690 
16.5 
0 .0  
EQUATION 734. 148 OBSERVATIONS, BROWN SWISS EXCLUDED 
DEPENDENT 
VARIABLE 
VAR 
PREFCM.HE+GE 
INTERCEPT 
FCM 
COEFFICIENT 
-9.500E-02 
2.058E-02 
2.305E+01 
RSS 5.190E+03 EMS 1.638E+01 
VALUE DF STD DEV R SQ 
6.3 145 4.05 0.686 
15.4 
0.0  
EQUATION 735. 123 OBSERVATIONS, 75H:25C, 55H:45C, 35H:65C 
DEPENDENT VAR FCM 
VARIABLE COEFFICIENT 
%HE -9.959E-02 
PREFCM.HE+GE 2.042E-02 
INTERCEPT 2.349E+01 
RSS 3.933E+03 EMS 1.779E+01 
VALUE DF STD DEV R SQ 
4.2 120 4.22 0.648 
13.5 
0.0 
EQUATION 736. 
DEPENDENT VAR 
VARIABLE 
SHE 
L0G10(HE+GE) 
TEMP80 
GAINIO 
WTE2.GAIN10 . 
PREFCM.HE+GE 
INTERCEPT 
ISUl AND 
FCM 
COEFFICIENT 
—1.062E—01 
1.906E+01 
-4.623E-01 
1.628E+00 
-1.448E-01 
1.496E-02 
4.362E+00 
ISU2 HOLSTEINS, 71 OBSERVATIONS 
RSS 2.183E+03 EMS 6.643E+00 
VALUE 
7^1 
2 .2  
2.4 
2.9 
3.2 
7.7 
0.0 
DF 
64 
STD OEV 
, 2.58 
R SQ 
0.837 
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TABLE 24. (CONTINUED) 
EQUATION 737. 
DEPENDENT. VAR 
VARIABLE 
SHE 
PREFCM.HE+GE 
INTERCEPT 
KSU, 
FCM 
COEFFICIENT 
-7.817E-02 
2.134E-02 
2.149E+01 
77 OBSERVATIONS 
RSS 3.171E+03 EMS 2.248E+01 
T VALUE DF STD DEV , R SQ 
2.9 74 4.74 0.656 
10.5 
0.0 
EQUATION 782. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
SHE 
GE+HE 
GE+HE.GE+HE 
PREFCM 
WTE2 
AGE IX 
TEMP80 
GAIN 
WTE2.AGE IX 
WTE2.GAIN 
PREFCM.WTE2 
PREFCM.GE+HE 
WTE2.GE+HE 
AGE IX.GE+HE 
TEMP80.GE+HE 
GAIN.GE+HE 
165 OBSERVATIONS 
FCM RSS 7. 781E+03 
COEFFICIENT T VALUE DF 
-1.327E+01 1.2 . 148 
-8.127E-02 5.1 
3.734E+00 2.9 
-8.844E-02 3.2 
-3.449E-01 1.0 
7.111E-01 0.5 
4.471E-02 0.1 
-6.351E-01 1.5 
-3.038E-01 1.7 
-2.961E-02 1.4 
1.126E-02 0.5 
3.920E-02 1.5 
1.190E-02 0.9 
-2.963E-02 0.3 
i.315E-02 1.1 
3.736E-02 1.7 
5.829E-03 0.4 
EMS 1.719E+01 
STD DEV 
4.11 
R SQ 
Co 754 
165 
experimental FCM production than was preliminary FCM production. This 
sum was more correlated with experimental FCM production than was HE 
or GE. The correlation between %GE and HE-KÏE was 0.29 as compared to a 
correlation coefficient of -0.77 between HE and GE. Both %GE and HE-K3E 
were more correlated with FCM production than they were correlated with 
each other. 
The uniformity of slope of the isoquants and ration lines for the 
equation fit on different subsets of data is quite striking. Plots of 
the 55H:45C ration line for the above three equations appears in 
Figure 22. Even the logarithm variable on total energy intake in 
Equation 736 results in a nearly straight line ration line. For all 
other equations, all ration lines are parallel and the marginal product 
of energy is the same for all rations. Plots of the isoquants for 
Equation 732, fit on 160 observations; Equation 736, fit on 71 ob­
servations from ISUl and ISU2; and Equation 737, fit on 77 KSU ob­
servations, appear in Figure 23. These isoquants are quite parallel in 
contrast to those of some of the previous regressions. 
For Equation 732, when hay is priced at $20 per ton and grain is 
priced at $60, iteration of FCM prices from $5 to $3 by $0.20 incre­
ments results in a less abrupt change from maximum grain to high hay 
combinations than occurred for Equation 743. Maximum profit rations are 
given in Table 25 for Equation 732. With grain prices held at $60 per 
ton and hay prices $20 per ton, nine of the FCM prices called for rations 
other than maximum grain. In comparison Equation 743 called for only 
three intermediate hay and grain combinations for the milk prices tested. 
For these prices, FCM production ranged from 49.2 down to 34.7 pounds. 
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Figure 23. Isoquants for 35 and 40 pounds of daily FCM production for Equations 732, 736, and 
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Table 25. Effects of changing milk prices on profit maximizing rations 
and levels of feeding for two hay and grain combinations for 
Equation 732 for the eight-week experimental period 
FCM prices 
per cwt. 
grain $60/ton 
hay $20/ton 
grain 
hay 
= $60/ton 
= $30/ton 
%GE 
ENE 
megacalories 7oGE 
ENE 
megacalories 
$5.00 85 27.0 85 27.0 
4.80 85 27.0 85 27.0 
4.60 70 26.2 85 27.0 
4.40 65 26.0 85 27.0 
4.20 61 25.6 85 27.0 
4.00 50 24.5 85 15.0 
3.80 45 24.0 85 15.0 
3.60 41 23.4 85 15.0 
3.40 33 21.8 85 15.0 
3.20 24 20.3 85 15.0 
3.00 15 18.7 85 15.0 
Fifteen megacalories of the 15H:85C ration resulted in 36.7 pounds of 
daily FCM production. 
Energy intake as the difference from predicted requirements 
Equation 701 through 705, appearing in Table 26, are models which 
attempt to predict FCM output as a function of energy intake relative to 
energy requirements for a cow to produce at her productive potential. 
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TABLE 26. DEVIATION FROM PREDICTED REQUIREMENT 
EQUATION 701. DEVIATION FROM PREDICTED REQ, 165 OBV 
DEPENDENT VAR FCM RSS 6.410E+03 EMS 1. 575E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
AGE IX.X-C;X<C 5.174E-02 3.4 156 3.97 0.723 
WTE2.X-C;X<C ,-4.077E-01 4.1 
PREFCM 6.973E-GI 15.6 
WTE2 5.344E-01 2.2 
XGE 9.408E-02 6.3 
x-c.x-c;x<c -1.850E-0I 2.0 
X-C.X-C;X>C -2.093E-01 4.7 
X-C 2.560E+00 6.3 
INTERCEPT -9.264E+00 0.0 
EQUATION 702. DEVIATION FROM PREDICTED REQ, 162 OBV 
DEPENDENT VAR FCM RSS 5.739E+03 EMS 1. 593E+01 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
PREFCM 6.757E-01 14.8 156 3.99 0.698 
WTE2 1.170E+00 3.9 
2GE 8.432E-02 5.7 
X-C I.238E+00 10.3 
AGE IX -8.229E-02 2.4 
INTERCEPT -1.006E+01 0.0 
EQUATION 703. DEVIATION FROM PREDICTED REQ, 160 OBV 
DEPENDENT VAR FCM RSS 5-624E+03 EMS 1.478E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
PREFCM 6.540E-01 14.7 154 3.84 0.712 
WTE2 1-250E+00 4.3 
%GE 8.860E-02 6.2 
X-C 1.251E+00 10.7 
AGE IX -8.833E-02 2.6 
INTERCEPT -9.699E+00 0.0 
EQUATION 704. PREDICTED, ISU HOLSTEINS 71 OBS 
DEPENDENT VAR FCM RSS 2.104E+03 EMS 1 r.748E+00 
VARIABLE COEFFICIENT T VALUE DF STD DEV R SQ 
PREFCM •4.354E—01 6.2 • 65 . 2.78 0.807 
WTE2 7.548E-01 3.1 
GAINIO -1.118E+00 2.8 
PREFCM.%GE 2.219E-03 7.2 
X-C 1.346E+00 7.3 
INTERCEPT 1.265E+00 0.0 
EQUATION 705. PREDICTED, KSU 77 OBSERVATIONS 
DEPENDENT VAR FCM RSS 3.187E+03 EMS 2.258E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
PREFCM 6.998E-01 9.5 73 4,75 0.659 
%GE.X-C;X<C -1.905E-02 2.6 
TABLE 26- (CONTINUED) 
X-C I.692E+00 8.4 
INTERCEPT 2.372E+00 0.0 
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These models are in contrast to models which hypothesize FCM output to 
be a function of.total feed or energy intake. The lowest levels of 
feeding in the Iowa State and KSU trials were equivalent to rather 
severe feed restriction for some high producing cows and were probably 
adequate for some of the lowest producers. Similarly the high levels 
of feeding apparently overfed some cows while underfeeding others. 
This model formulation attempted to specify level of feeding relative to 
production potential. 
Predicted production for the experimental period was used as a 
proxy variable for productive potential. Energy intake for these models 
was measured as the difference between actual ENE intake and the ENE 
requirement for each cow to produce her predicted production during the 
eight-week experimental period. Using the population averages, estimated 
by Spike (125) for milk production fay month of lactation for various cow 
age groups, milk production during the preliminary period was linearly 
extrapolated to find the predicted production during the experimental 
period. Extrapolation was accomplished by assuming that over comparable 
time periods, average milk production of a cow in these experiments 
would decrease from the preliminary period to the experimental period by 
the same percentage as the average percentage drop for cows of the same 
age group in the Spike study. The factors used for this extrapolation 
are given in Table 27. 
The energy required to produce this predicted production was estima­
ted using the KSU equation for the Morrison requirement for mainte­
nance plus requirement of 0.3 megacalories of ENE per pound of FCM. When 
the predicted energy requirements were subtracted from the actual energy 
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Table 27. Correction factors to multiply times pounds of preliminary 
production to estimate experimental production 
Age at calving Milk Butterfat 
Yeats ; 
2 .879 .853 
3 .799 .771 
4 .799 .743 
5 .806 .745 
6 to 8 .821 .757 
9 or more .836 .782 
intake values for the experimental period, negative values were obtained 
for energy intakes less than the predicted requirement, and positive 
values were obtained for energy intakes in excess of the predicted re­
quirement. This variable was designated as "X-C". The standing for 
the actual energy intake, the sum of the ENE in the hay and grain, and 
the "C" representing the calculated ENE required for the predicted pro­
duction. 
In addition to variables defined previously, listed below are 
variables used in these models: 
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X-C: actual daily megacalories of ENE intake contained in hay 
and grain, minus the calculated ENE required to produce 
the amount of FCM predicted to be the production potential 
of an individual cow. This prediction was based upon 
production during the preliminary period and estimated 
lactation curves for various age groups of cows. 
X-C; X < C: a vector containing the negative values of the X-C 
variable and zeros for observations where energy intake was 
greater than the calculated need for predicted production. 
X-C; X > C: a vector containing the positive values of the X-C 
variable with zeros replacing the negative values. 
Variables used in Equations 701 through 705 were selected from 23 
variables which included X-C, %GE, PREFCM, WTE2, AGE IX, TEMP80, 
GAINIO, and interactions. 
The physiological and biochemical processes for milk production 
may be considerably different in cases where cows are being underfed, 
and tissue is being catabolized for milk production as contrasted to 
processes for cows receiving a more than adequate energy intake and fat 
is being laid down. It is possible that interactions between variables 
and energy intake may not be linear and significant over these wide 
ranges of energy intakes. For example a more mature cow may have a 
considerable advantage over a younger growing cow for maintaining milk 
output at intakes markedly below her predicted requirement because of 
the greater amounts of energy stores and reduced growth requirements of 
the older cow, while such an advantage may not exist at or above predicted 
requirement levels of energy intake. In such a hypothesized case, an 
174 
age-energy interaction for levels of intake below predicted requirements 
may be significant while the same interaction tested across all energy 
intakes may not be significant. Fourteen additional variables were 
formed by multiplying the above seven variables by the X-C; X < C, and 
X-C; X > C variables. These variables allow for separate estimates of 
variable by energy interaction for energy intakes above and below pre­
dicted requirements as well as different quadratic effects for energy 
intakes above and below predicted requirements. The square of %GE and 
the product of %GE and PREFCM were also used as variables. 
With the exception of the intercept, t values for the coefficients 
of Equation 701 through 705, Table 26, are significant at the five percent 
level.or less. Standard errors for the intercept coefficients were not 
calculated. In Equation 701, which was fit to the entire 165 observa­
tions, both the quadratic terms for X-C; X > C, and X-C; X < C appear. 
A plot of this equation appears in Figure 24. Both weight and age have 
interactions which are significant with energy intakes below predicted 
requirement levels. Because of the negative sign on energy intakes be­
low predicted requirements, FCM output increased with weight and de­
creased with age. These results were opposite of those expected. The 
plots in Figure 24 are for a cow with a 50 pound FCM production during the 
preliminary period, 54 months of age, and weighing 1300 pounds with zero 
gain. 
In Equation 702, when the extremely low producer, observation 98, 
and observations 138 and 152 were removed from consideration, the above 
two interactions and the quadratic terms were no longer significant. 
Both observations 138 and 152 had very high Intakes relative to their 
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Figure 24. Average daily FCM production versus energy intake above and 
below requirements for the 35H:65C ration line for Equations 
701, 703, 704, and 705 
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predicted requirements. No high producing cows were able to consume 
such high levels of intake above predicted needs. 
Relatively minor changes occur in Equation 703 after removing in­
efficient cows 60 and 118 included in Equation 703. AGE IX, which did not 
appear in Equation 701, appears in Equations 702 and 703. The sign of 
the age index variable is negative while the sign of the weight vari­
able is positive. These signs accompanied these variables in practically 
all of the models fit upon the combined data for the eight-week experi­
mental period. 
In a number of models where FCM production was considered to be a 
function of the absolute total energy intake, the preliminary FCM pro­
duction and energy intake interaction was strong and positive. This 
indicated that the additional FCM output response to increased feed in­
puts was greater for cows with higher ability (preliminary FCM pro­
duction). Both preliminary FCM and energy interaction variables 
(PREFCM.X-C; X < C, and PREFCM.X-C; X > C) had very nonsignificant t 
values in all models examined. This suggests apparently that when energy 
input is measured relative to requirements for productive potential, the 
production functions of cows of differing ability are fairly similar ex­
cept for the height of their functions. 
Equation 704 was a regression upon all the Holsteins in the ISUl 
and ISU2 trials with the exception of observation 60. Equation 705 was 
a regression upon the KSU observations minus observations 98, 116, 138, 
and 152. While Equations 701, 702, and 703 have lower residual standard 
errors than other models reported, such was not the case for Equations 
704 and 705. Several other equations had equal or lower residual models 
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when fit separately to the ISU or KSU data. 
Because of discontinuous first derivatives, functions such as 
Equation 701 are not the realistic representatives of the true milk 
production surface. Following removal of three inefficient cows, the 
best equation did not involve auxiliary variable energy interactions, 
and both Equations 702 and 703 had continuous first derivatives. Equa­
tions with continuous first derivatives were fit upon the full data 
set. This was accomplished by fitting the variable X-C, squared terms 
for X-C; X < C and X-C; X > C, and auxiliary variables and their inter­
actions with X-C. The residual standard errors for the equations ex­
amined were higher than that of Equation 701. 
The failure of these predicted requirement equations to provide 
superior fits when regressed separately on the ISU or KSU data casts 
serious doubt that these models are superior, to models that estimate 
milk production as a function of total energy or feed intake. These 
models were no more consistent from data set to data set than other 
models examined. 
A serious disadvantage of these models is the unknown variation 
that is introduced by the multi-step estimation of predicted require­
ments. Each estimation step to predict production potential is subject 
to unknown error as well as the prediction of requirements to produce 
that amount of FCM. 
In conjunction with these regressions, a number of other variables 
were considered as substitutes for the variables used most frequently. 
Preliminary ENE intake, PREGE+PREHE, and the ratio of preliminary intake 
to preliminary FCM production were substituted for preliminary FCM. 
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Both substitutions resulted in substantial increases in the residual 
standard deviation in these models. 
Contrary to the implications of the age index, milk production does 
not increase in a linear manner up to 5h years age and then become con­
stant. Instead production increases most rapidly during the first 
several years, plateaus, and then decreases slowly after ages of eight 
or nine. However, little is known about changes in the efficiency of 
production over the lifespan of the cow. Values from Spike (125) were 
used to obtain an average production for each of the age groups listed 
in Table 27, and these values were substituted for the age index. The 
original age index resulted in slightly lower residual standard errors in 
the models observed. 
Weight to the three-quarters power was also substituted for the vari­
able WEIGHT. Neither consistent lowering of the residual standard de­
viation nor higher t values were found in the models observed. 
Neither age nor weight tended to have consistently significant t 
values. Occasionally the addition of one of these variables to an ex­
isting model would result in a significant t value for its coefficient. 
Neither age nor weight tended to be strong variables. Alternative forms 
of these variables could not be evaluated without considerable reserva-
p. 
tions. 
Time series equations 
Time series equations regressed upon the individual observations of 
each of the twelve weeks appear in Table 28. Equations 901 was regressed 
upon 1980 values from the 165 lactations observed. All t values are sig­
nificant at the ten percent level or less. Equation 902 utilized the 
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TABLE 28. TIME SERIES EQUATIONS 
EQUATION 901. TIME SERIES, 12 WEEKS 
DEPENDENT VAR FCM RSS 
VARIABLE COEFFICIENT T VALUE 
HE 1.857E+00 4.4 
GE 2.166E+00 5.7 
GE.GE .-5.323E-02 7.5 
WEEK.PREFCM .-5.481E-03 12.3 
PREFCM 9.678E-02 18.2 
AGE IX -1.652E-01 6.4 
GE.HE . -5.884E-02 3-4 
WTHK 8.090E-01 2.9 
HE.HE -2.349E-02 1.9 
GE.WEEK 3.075E-02 3.8 
PREFCM.GE 9.839E-04 2.7 
AGE IX.GE 1.094E-02 4.6 
WTWK.GE .—4.475E—02 1.8 
GAINIO 5.519E-03 1,8 
TEMP80 -3.736E-02 5.0 
INBRED -2.414E-01 4.4 
GE.TEMP80 4.372E-03 6.1 
GE.INBRED 2.720E-02 5.3 
HE.WEEK 1.924E-02 1.9 
WEEK.WEEK 4.267E-02 4.8 
INTERCEPT -1.775E+01 0.0 
EQUATION 902. MADDEN EQUATION 13 ON 
DEPENDENT VAR FCM RSS 
VARIABLE COEFFICIENT T VALUE 
WEEK.WEEK 4.472E-02 5.0 
HE 2.969E+00 7.2 
GE 3.832E+00 11.6 
GE.GE -7.182E-02 10.5 
WEEK.PREFCM -3.355E-02 11.3 
PREFCM 8.812E-01 16.9 
AGE IX 4.151E-01 3.2 
GE.HE .-1.109E-01 6.8 
WTIST 8.434E-02 2.3 
HE.HE -3.717E-02 2.9 
GE.WEEK 1.905E-02 2.9 
AGE IX.TEMPA .-1.987E-03 3.8 
HE.PREFCM —4. 643E—03 1.5 
WTIST.GE -1.078E-04 0.6 
TEMPA.TEMPA -1.726E-04 0.6 
SQRT INBRED -1.129E^01 0.4 
INBRED 5.346E-01 3.9 
SQRT WTIST .-5.097E+00 2.3 
TEMPA -7.733E-03 0.1 , 
PREFCM.TEMPA -1.875E-03 2.6 
165 OBSERVATIONS 
,ll6E+05 EMS 2.276E+01 
DF STO DEV R SQ 
1959 4.77 0.714 
1.115E+05 
DF 
1953 
EMS 2.284E+01 
STD DEV R SQ 
4.78 0.714 
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TABLE 28. (CONTINUED) 
WTIST.TEMPA 1-959E-04 3.7 
WTIST.AGE IX -3.003E-04 2.9 
INBRED.PREFCM .—9n864E—03 4.3 
WEEK.INBRED 1.399E-02 2.7 
INBRED.TEMPA -2.349E-03 1.8 
AGE IX.WEEK -6.352E-04 0.2 
INTERCEPT 3.334E+01 1.0 
EQUATION 903. TIME SERIES, 12 WEEKS, 148 OBSERVATIONS 
DEPENDENT VAR FCM RSS 9 .765E+04 EMS 2. 245E+01 
VARIABLE COEFFICIENT T VALUE OF STO DEV R SQ 
WEEK.WEEK 5.333E-02 6 = 0 1765 4.74 0.711 
HE 1.303E+0Q 12.7 
GE 2.277E+00 10.5 
GE.GE -3.600E-02 5.5 
WEEK.PREFCM . .-3.690E-02 15.4 
PREFCM 6.672E-01 31.6 
GE.HE —4.086E—02 4.7 
GE.WEEK 2.936E-02 4.4 
SORT WTIST 8.098E-01 7.9 
WTIST.AGE IX -6.840E-05 6.8 
INTERCEPT -3.698E+01 0.0 
EQUATION 904. MADDEN EQUATION 13 ON 148 OBSERVATIONS 
DEPENDENT VAR FCM RSS 9 .874E+04 EMS 2. 204E+01 
VARIABLE COEFFICIENT T VALUE OF . STD DEV R SQ 
WEEK.WEEK 4.777E-02 5.1 1749 4.69 0.719 
HE 1-264E+00 2.7 
GE 2.632E+00 7.0 
GE.GE -3.797E-02 4.4 
WEEK.PREFCM -3.527E-02 11.2 
PREFCM 7.922E-01 12.5 
AGE IX 4.716E-0I 3.6 
GE.HE .-2.972E-02 1.5 
WTIST 8.770E-02 2.3 
HE-HE 9.407E-03 0.7 
GE.WEEK 2.678E-02 3.8 
AGE IX.TEMPA -I.776E-03 3.2 
HE.PREFCM .-5.198E-03 1.6 
WTIST.GE -3.391E-04 1.6 
TEMPA.TEMPA -2.292E-04 0.8 
SORT INBRED -2.943E-01 1.0 
INBRED 3.166E-01 2.1 
SORT WTIST -4.811E+00 2.1 
TEMPA -4.487E-02 0.5 
PREFCM.TEMPA -1.185E-03 1.4 
WTIST.TEMPA 1.822E-04 3.2 
WTIST.AGE IX -3.595E-04 3.4 
INBREO.PREFCM -6.012E-03 2.4 
TABLE 28. (CONTINUED) 
KEEK.INBRED 1.291E-02 2-5 
INBRED.TEMPA -1.066E-03 0.7 
AGE IX.WEEK -7.999E-04 0.3 
INTERCEPT 4.139E+01 1.2 
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same variables fit by Madden (83) in Equation 13 of that study. A number 
of the t values of coefficients were not significant (P < .05). Equation 
903 was regressed on 1776 values after the twelve Brown Swiss cows plus 
observations 60, 98, 118, 138, and 152 were removed from consideration. 
All t values are significant (P < .01). It was not possible to find an­
other variable with a significant (P < .05) t value that could be added 
to this variable set. 
Equation 904 also utilized the variables of Madden's Equation 13. 
A number of the t values are not significant. Isoquants for Equation 904 
for the eighth week of the 12-week experimental period appear in Figure 
25. In calculating the isoquants, constants used for preliminary pro­
duction, weight, temperature, age, and inbreeding were 50 pounds, 1300 
pounds, 54 degrees, 54 months, and zero, respectively. The HE.HE term 
was positive and the isoquants are concave to the origin. 
A similar pattern of instability of quadratic terms for hay and 
grain energy intake occurred among the time series equations as had 
occurred in regression estimates upon averages for the eight-week experi­
mental period. The quadratic terms were fairly consistent for a given 
subset of the data but varied considerable from subset to subset. This 
instability makes it difficult to seriously consider any of these equa­
tions as being the one equation most representative of the dairy cow or 
Holstein population even though the t values of the regression co-
. 
efficients are significant. 
Economic optima for various price combinations were computed for the 
eighth week of the 12-week experimental period for Equation 903. The ef­
fect of changing FCM prices upon optimum levels of intake, and the ration 
10 15 
GE, megacalories 
20 25 
Figure 25. Isoquants for 35, 40, and 45 pounds of daily FCM production for Equation 904 
for the eighth week of the experimental period 
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combination needed for maximum profit are given in Table 29. FCM prices 
were iterated from $6.00 to $3.00 in $0.20 increments for two hay prices, 
$20 and $30 per ,ton. Grain price was held at $60 per ton. Variables 
for the first weight, age index, and preliminary FCM production were set 
at 1300 pounds, 54 months, and 50 pounds, respectively. Various levels 
of the 15H:85C ration were recommended for the $30 per ton hay and $60 
per ton grain price combination. 
For prices of $20 per ton hay and $60 per ton grain, various levels 
of the 15H:85C ration were recommended for FCM prices of $5.00 per cwt. 
or greater. The difference in profit between feeding a 15H:85C ration 
at the recommended level and feeding the 35H:65C ration ^  1ibitum was 
$0,013 per day for the FCM price of $6.00 per cwt. and less than $0.01 
per day for FCM prices from $5.00 to $5.80. For FCM prices from $4.80 
down to $3.00 per cwt., ad libitum intakes of 31H:39C to 74H:26C were 
recommended. The profit and level of milk production for each of the 
price combinations listed in Table 29 are given in Table 30. 
Weekly data was also studied by fitting a quadratic equation to each 
week's data for the 148 observation group which excluded the five inef­
ficient Holstein cows and 12 Brown Swiss. Average daily production for 
each of the twelve weeks is given in Table 31. Average milk production 
decreased over time. Milk fat production also fell with time, remaining 
at a constant percent of about 3.3 of milk production. 
Each week's average whole milk production was fit by the same equa­
tion that contained a linear, cross product, and quadratic terms for HE 
and GE. It also contained variables for weight, gain, age index, the 
temperature index, preliminary production, and their cross products with 
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Table 29. Effects of changing FCM prices on profit maximizing rations 
and levels of feeding for two hay and grain price combina­
tions for Equation 903 for week 8 of the 12-week experimental 
period 
FCM prices grain = $60/ton grain = $60/ton 
per cwt. hay - $20/ton hay = $30/ton 
%GE ENE %GE ENE 
$6.00 85 26.6 85 26.1 
5.80 85 26.3 85 25.7 
5.60 85 25.8 85 25.3 
5.40 85 25.4 85 24.8 
5.20 85 24.9 85 24.4 
5.00 85 24.8 85 23.9 
4.80 59 25.4* 85 23.3 
4.60 55 25.0* 85 22.7 
4.40 50 24.5* 85 22.0 
4.20 45 24.0* 85 21.3 
4.00 45 24.0* 85 20.5 
3.80 43 23.6* 85 19.6 
3.60 40 23.1* 85 18.6 
3.40 35 22.3* 85 17.5 
3.20 31 21.6* 85 16.3 
3.00 26 20.7* 85 15.0 
*ad libitum intake. 
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Table 30. Effects of changing milk prices on level of optimum FCM pro­
duction and maximum profit for two hay and grain price 
combinations for Equation 903 for week 8 of the 12-week 
experimental period ; ; 
grain = $60/ton grain = $60/ton 
FCM prices hay = $20/ton hay = $30/ton 
prices FCM Profit FCM • Profit 
lb. $ lb. $ 
$6.00 49.4 1.89 49.0 1.84 
5.80 49.1 1.79 48.7 1.74 
5.60 48.8 1.70 48.4 1.65 
5.40 48.5 1.60 48.1 1.55 
5.20 48.1 1.50 47.7 1.46 
5.00 47.8 1.41 47.3 1.36 
4.80 46.2 1.31 46.8 1.27 
4.60 45.5 1.22 46.2 1.17 
4.40 44.7 1.13 45.6 1.08 
4.20 43.8 1.04 44.9 .99 
4.00 43.7 .96 44.1 .90 
3.80 43.1 .87 43.1 .81 
3.60 42.4 .78 42.0 .73 
3.40 41.1 .70 40.7 .64 
3.20 39.9 .62 39.1 .57 
3.00 38.5 .54 37.4 .49 
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Table 31. Averages of daily production for twelve sequential weeks for 
148 Hols te in observations . 
Week FCM, pounds Milk, pounds Butterfat, pounds 
1 47.9 52.9 1.78 
2 45.6 50.8 1.68 
3 44.2 49.2 1.64 
4 43.6 48.5 1.62 
5 42.4 47.2 1.57 
6 40.9 45.9 1.51 
7 39.9 44.7 1.47 
8 38.8 43.7 1.43 
9 38.7 43.2 1.43 
10 38.1 42.5 1.40 
11 37.0 41.3 1.36 
12 36.1 40.3 1.33 
grain energy. Coefficients for these equations are not listed in a table. 
Preliminary production was the only variable that consistently had sig­
nificant t values for its coefficients. Unlike the combined averages for 
the last eight weekly observations, values of t for the preliminary pro­
duction and grain energy interaction coefficient tended to be less sig­
nificant than preliminary production coefficient. While the linear term 
of grain energy was a strong variable, it was repeated in so many inter­
actions that the t on the linear term was not always significant. 
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The 45 pound isoquants for milk production for each week that re­
sulted from the above regressions are shown'in Figure 26. The number be­
side the isoquant designates the week. These isoquants tend to be con­
cave when viewed from the origin of the HE and GE axis. The shifting of 
the isoquants with time agrees with observations by others that the ef­
ficiency of energy utilization drops as the lactation advances (Miller 
and Hooven, 95). It also appears that much of the shift in the isoquants 
occurred during the first four weeks of the twelve week period. During 
this early period the energy metabolism of the cows was apparently coming 
into equilibrium with the new rations and levels of feeding. 
The isoquants for each of the twelve weeks are roughly parallel. 
There is no apparent time by ration interaction occurring with this data. 
The disarray of the isoquants demonstrates the variability among weekly 
observations. 
Logarithmic estimates 
Curves that predict FCM output from energy input were synthesized by 
Blaxter (18). Similar versions of this curve have been used by Hoglund 
(57) and Dean et^ al.. (39) in economic analysis. These curves appear to be 
obtained by forcing a logarithmic function through an estimated mainte­
nance requirement. In this study the data is located so that when a 
straight line is regressed through the data, a positive intercept results, 
and average production per unit of feed input declines as feed intake 
increases. In this and in similar cases, a diminishing marginal product 
for energy intake will result when the curve is forced through zero 
production for maintenance intake, regardless of the disarray of the data. 
This point is demonstrated in Equations 981 through 985 reported in 
,, , I : I I ! L_ 
5 10 15 20 25 
GE 
Fisurs 26. Isoqu&nts for 45 pounds milk production for sach of twelve consecutive weeks 
of the experimental period when a separate quadratic regression was fit to each 
week's data 
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Table 32, where an equation of the Cobb-Douglas type was fitted to five 
sets of data for the eight-week averages. A maintenance requirement of 
seven megacalories of ENE was arbitrarily subtracted from the variable 
GE+HE to obtain the variable GE+HE-7. The percent grain energy variable, 
%GE, was converted to a decimal fraction and arbitrarily added to two to 
form the variable GE/ENE+2. This transformation avoids the problem of 
zero production when %GE in the ration is zero. The logarithm to the 
base 10 was obtained for these variables and the variables FCM and 
PREFCM. A prior series of fits indicated that the constant multiplier 
was not significantly different from zero, and that term was dropped. 
The resulting equation was FCM = PREFCM^(GE-Hffi-7)®(GE/ENE+2 )'^. All 
numbers in Table 32 were obtained from the computer printout for re­
gressions upon the logarithmic variables except for the error standard 
deviation and error mean square. A residual error for comparison with 
other non logarithmic fits was estimated by subtracting the antilog of 
each Y hat value from the original FCM observation. These errors were 
squared and divided by the appropriate error degrees of freedom to obtain 
an estimated residual mean square. These resulting residual standard 
deviations are very similar to those of nonlogarithmic variables in 
Equations 730 to 735. 
The resulting equations were relatively stable for all data sets. 
Maximum differences in predicted FCM production between the curves for 
163, 160, and 148 cows for 25 megacalories ENE intake were 0.5, 0.3, 
and 0.8 pounds FCM for the all hay, 55H:45C, and 15H:85C rations, re­
spectively. , 
191 
TABLE 32. REGRESSIONS ON LOGS OF VARIABLES 
EQUATION 981. 
DEPENDENT VAR 
VARIABLE 
L0G(GE+HE-7I 
LOG(PREFCM) 
L0G(GE/ENE+2» 
LOG MODEL, 
LOG(FCM) 
COEFFICIENT 
3.986E-01 
5.440E-01 
5.513E-01 
165 OBSERVATIONS 
RSS 8.557E-01 
T VALUE DF 
10.3 162 
21.5 
5.7 
EMS 2.530E-03 
STO DEV R SQ 
4.26 0.676 
EQUATION 982. LOG MODEL, 163 OBSERVATIONS 
DEPENDENT VAR 
VARIABLE 
L0G(GE+HE~7Ï 
LOG(PREFCM) 
L0G(GE/ENE+2) 
EQUATION 983. 
DEPENDENT VAR 
VARIABLE 
L0G(GE+HE-7> 
LCG(PR£FCMi 
L0G(GE/ENE+2) 
LOG(FCM) 
COEFFICIENT 
4.437E-01 
5.185E-01 
5.421E-01 
RSS 8.925E-01 . EMS 2.291E-03 
VALUE DF STO DEV R SQ 
11.4 160 4.08 0.709 
20.7 
5.9 
LOG MODEL, 160 OBSERVATIONS 
LOG(FCM) 
COEFFICIENT 
4.192E-01 
5.277E-01 
5.756E-01 
RSS 7.064E-01- EMS 1.955E-03 
VALUE DF STO DEV R SQ 
11.2 157 3.95 0.697 
21.9 
6.6 
EQUATION 984. 
DEPENDENT VAR 
VARIABLE 
L0G(GÊ+HE-7) 
LOG(PREFCM) 
L0G(GE/ENE+2) 
LOG MODEL, 
LOG(FCM) 
COEFFICIENT 
' 4.241E-01 
5.183E-01 
6.062E-01 
148 OBSERVATIONS 
RSS 6.731E-01 
T VALUE DF 
10.8 145 
20.0 
6.6 
EMS 2.027E-03 
STD DEV R SQ 
4.04 0.696 
EQUATION 985. LOG MODEL, 123 OBSERVATIONS 
DEPENDENT VAR 
VARIABLE 
L0G(GE+HE-7) 
LOG(PREFCM) 
L0G(GE/ENE+2) 
LOGCFCM) 
COEFFICIENT 
4.183E-r01 
5.088E-01 
6.638E-01 
RSS 4.974E-01 EMS 2»168E-03 
VALUE DF STD DEV R SQ 
9.6 120 4.23 0.657 
15.1 
5.0 
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The logarithmic relationship of FCM production and feed input are 
given for 40, 50, and 60 pounds of preliminary FCM production for the 
55H:45C ration in Figure 27. The isoquants for HE and GE input above 
maintenance for the 50 pound level of preliminary FCM production are 
shown in Figure 28. The isoquants are slightly concave to the origin. 
Economic optimum of all five of these equations were investigated 
for four difference price combinations resulting from a concentrate 
price at $60 per ton, hay at $30 and $20 per ton, and FCM at $5 and $3 
per cwt. Preliminary FCM production was set at 50 pounds. The nearly 
straight line isoquants of these equations dictate that for various 
hay-grain price ratios, either a 15H:85C ration will be fed at various 
levels of intake or a ration of a lesser percent grain will be fed at ad 
1ibiturn levels. 
All five equations indicated that an ^  libitum intake of the 
15H:85C ration was optimum for the $60, $20, $5 combination. For this 
price combination, differences between profits at the ^  libitum levels 
of the 55H:45C, 35H:65C, and 15H:85C rations were less than $0.08 for 
any of the equations. For Equation 983, on 160 observations, profit 
was $1.07, $1.27, $1.37, $1.42, and $1.44 for the all hay, 75H:25C, 
55H:45C, 35H:65C, and 15H:85C rations respectively. For the $60, $30, $3 
price combinations for grain, hay, and FCM, a 15H:85C ration fed at re­
stricted levels provided maximum profit for all equations. Intake 
levels of 18.0, 20.4, 19.4, 19.8, and 19.6 megacalories ENE resulted in 
maximum profits of $0.41, $0.41, $0.43, $0.44, and $0.45 for Equations 
981 through 985 respectively. For the $60, $20, $3 price combination 
the 79H:21C, 73H:27C, 70H;30C, and 68H:32C rations fed ^  libitum re-
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ENE intake, megacalories 
Figure 27. FCM output-ENE input relationships for the 55H;45C ration 
for three levels of preliminary milk production for 
Equation 983 on 160 observations 
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Figure 28. FCM isoquants for HE and GE intake above the maintenance 
requirement for 30, 35, and 40 pounds FCM as predicted 
by Equation 983 
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suited in maximum profits for Equations 981 through 985 respectively. 
Only three rations, 75H:25C, 55H:45C, and 35H:65C, were included in 
Equation 985 fit on 123 observations. Many optimums fell outside this 
range. To avoid extrapolation outside of the area of the data for that 
equation, appropriate optimum levels of the 75H:25C or 35H:65C ration 
could have been alternatively chosen. 
Using Equation 983, the price of milk was held at $3 per cwt., and 
the price of grain was held at $60 per ton. The price of hay was 
iterated in dollar increments from $30 to $20 per ton. For hay prices 
from $30 to $24, maximum profit was obtained by producing from 41.3 to 
42.0 pounds of FCM per day through feeding 19.4 to 19.9 megacalories 
ENE per day of a 15H:85C ration. At hay prices of $23 to $20 per ton, 
69H;31C to 73H:27C rations fed at ^  libitum intake were optimum. Re­
sulting production ranged from 39.3 to 38.1 pounds FCM. The price of 
hay was about 0.4 the price of grain when the major ration change 
occurred. 
In Table 33, FCM prices were iterated from $5 to $3 per cwt. In 
comparison with Equation 864, the Hoover Equation 1 in Table 18, more 
liberal levels of the 15H:85C ration were recommended by Equation 983, 
and a wider range of grain percentages was recommended for the ad 
libitum feeding levels. Equation 983 tended to predict profits that 
were very similar to those predicted by Equation 864. 
Profits predicted by Equation 983 for feeding each of the five 
rations at its most profitable level are given for four price combina­
tions in Table 34. The profits in this table are similar to predicted 
profits in Tables 20 and 22. The mathematical form of the equation 
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Table 33. Effects of changing milk prices on profit maximizing rations 
and levels of feeding for two combinations of hay and grain 
• prices for Equation 983 
Milk prices 
per cwt. 
Percent ENE from 
grain to be fed 
ad libitum 
grain = $60/cwt. 
hay = $20/cwt. 
Megacalories of a 
15H:85C ration 
to be fed 
grain = $60/cwt. 
hay = $30/cwt. 
$5.00 
4.80 
4.60 
4.40 
4.20 
4.00 
3.80 
3.60 
3.40 
3.20 
3.00 
85 
85 
85 
85 
68 
65 
54 
45 
41 
34 
27 
ad libitum 
ad libitum 
ad libitum 
ad libitum 
ad libitum 
ad libitum 
25.6 
23.9 
22.3 
20.8 
19.4 
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Table 34,. Profitability of five rations at four price combinations as 
predicted by Equation 983 
Price Combinations 
Milk/cwt. 
Hay price/ton 
Grain price/ton 
$ 5. 
30. 
60. 
$ 3. 
30. 
60. 
$ 5. 
20. 
60. 
$ 3. 
20. 
60. 
Ration Profit 
All Hay 
75H:25C 
55H:45C 
35H:65C 
15H:85C 
0.87 
1.07 
1 .21  
1.31 
1.39 
$ 0.29 
0.33 
0.36 
0.40 
0.43 
1.08 
1.27 
1.37 
1.42 
1.43 
$ 0.49 
0.52 
0.51 
0.48 
0.46 
does not appear to be critical in determining profit. 
The similarity among predicted profits for the above three equations 
is illustrated further in Table 35. Milk prices of $3.60 and $3.40 per 
cwt. are illustrated. The 15H;85C ration results in maximum profits for 
all milk prices when hay costs $30 per ton and grain costs $60. These 
milk prices were chosen because optimum intake prescribed by the linear 
Equation 743 shifts from a^ libitum intake to the minimum intake of 15 
megacalories at a milk price between $3.60 and $3.40. Even though the 
differences of feeding levels recommended for the 15H:85C ration are 
large, the difference among profits are small. Along the 15H:85C ration 
line the relatively flat production surfaces produce value of product 
Table 35. Comparison among three equations of maximum profits and levels of ENE intake for 
each of five rations, for two milk prices and hay costing $30 per ton and con-
Generate at $60 per ton . 
Equation 864 Equation 743 Equation 983 
Ration ' Profit ENE Intake Profit ENE Intake Profit ENE Intake 
Milk at $3.60/cwt. 
All hay 0.47 16.0 0.52 15.0 0.46 16.0 
75H:25C 0.57 20.5 0.56 15.0 0.55 20.5 
55H;45C 0.62 24.0 0.59 15.0 0.60 ' 22.9 
35H:65C 0.64 20.0 0.62 15.0 0.65 23.4 
I5H:85C 0.68 17.8 0.67 27.0 0.69 23.9 
Milk at $3.40/cwt. 
All hay 0.41 16.0 0.46 15.0 0.40 16.0 
75H:25C 0.50 20.5 0.50 15.0 0.48 20.5 
55H:45C 0.54 21.8 0.53 ' 15.0 0.52 21.4 
35H;65C 0.57 18.3 0.55 15.0 0.56 21.9 
15H:85C 0.60 16.5 0.58 15.0 0.60 22.3 
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surfaces that are nearly parallel to the cost surfaces for these hay and 
grain price ratios. 
For the price combination of $30 hay and $60 grain, the maximum 
difference in the level of feeding recommended by the three equations 
occurred at the $3.80 milk price. Equation 864 recommended 17.8 mega-
calories of the 15H:85C ration for maximum profit. Equation 743 re­
commended 27 megacalories of the same ration for maximum profit. Equation 
864 predicted a profit of $0.60 for a 27 megacalorie intake, which was 
$0.08 less than the optimum intake. These differences were as large as 
any other for the price combinations examined. 
The similarity of profits predicted by various equations is 
partially due to the relatively flat surface produced by the 160 ob­
servation data set and is also a function of the intake restriction 
imposed upon the surfaces. If either the flat surface or the intake re­
striction are unrealistic, any inference that the mathematical form of 
the production surface is not very critical may be erroneous. 
The logarithmic function estimated in Equation 981 has diminishing 
returns, straight-line isoquants, and economic optimum points that behave 
like the practicing dairyman. Statistically 'it compares favorably with 
other models fit. However, these properties are inadequate to assure 
that this function is most representative of the relationship between 
milk production and feed input for an individual cow or any given herd 
of cows. The variables used were purposely chosen to insure the proper­
ties desired. The location of the data in relationship to the point of 
zero production at maintenance input made diminishing returns a fore­
gone conclusion. The number two was added to the portion of grain in 
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the ration because plots of average production for the five rations 
versus the portion grain indicated that this addition should result in 
an approximately linear isoquant. 
There is no logical basis for forcing the curve through the main­
tenance requirement. The response to feed intake is not instantaneous. 
Switching a cow from a high level of energy to the maintenance require­
ment would result in continued milk production for a period of time after 
the switch. Furthermore, the maintenance requirement of the lactating 
cow can neither be defined nor measured (Moe and Flatt, 98). 
If Dr. Blaxter were to state that this type of a function represents 
reality as he perceives it, his opinion would not be taken lightly. How­
ever, for this data, the empirical support for this function is no 
stronger than the support for a simple linear equation. 
Whole milk and butterfat estimates 
A series of regression equations were fit upon daily averages of the 
eight-week data where whole milk and butterfat production were used as 
dependent variables. These estimates were obtained with the view that 
requirements for statistical significance would be relaxed if reasonably 
curved functions could be obtained. Selected functions were used to in­
vestigate the economic properties of a value product function based upon 
whole milk and butterfat production. 
An additional data set was selected. The density of observations 
was low at higher levels of energy intake. In such areas a single ob­
servation may have a unproportionately large effect upon the curvature 
of a quadratic equation. To reduce this problem, all observations that 
fell outside arbitrary limits were dropped from consideration. For the 
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five rations, in order to increasing grain percentage, the limits for the 
sum of hay and grain energy in megacalories ENE were set as follows: 
14.6 to 16.1, 15.2 to 22.0, 15.6 to 23.7, 15.6 to 23.6, and 16.7 to 21.7. 
The Brown Swiss cows were excluded, and all five cows removed in previous 
models for being inefficient fell outside the above limits. The number 
of observations left in each of the above rations were 6, 36, 40, and 
15 for a total of 133 observations. 
A sample of the regressions obtained are listed in Table 36. Equa­
tion 921 illustrates the tendency of the FCM production function to ex­
hibit a diminishing returns effect to increasing levels of grain energy 
intake for the data set of 160 observations. When the same equation was 
fit to 133 observation data set, the t value for the GE.GE coefficient 
became less than one. Equations 923 and 924, which are linear equations 
2 
using the %HE and GE-HiE as primary variables have higher or equivalent R 
values and lower residual standard errors than the above equations. For 
whole milk production. Equations 923 and 924 were chosen over Equations 
921 and 922 as reasonable representations of milk production for the 
ranges of data available. 
The dependent variable in Equations 925 through 928 is the average 
daily butterfat production. In Equations 925 and 926 the t value for 
the energy interaction variable, GE.HE, is significant (P < .05). These 
equations which use GE and HE as separate input axes are comparable to 
linear Equations 927 and 928 that use 7oHE and GE+HE as major input axes. 
These isoquants for butterfat production resulting from Equation 926 are 
illustrated in Figure 29. Preliminary fat production was assumed to be 
1.9 pounds per day. The curvature of these isoquants appeared to be 
reasonable. Therefore, Equations 925 and 926 were chosen over Equations 
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TABLE 36. WHOLE MILK AND MILK FAT PREDICTIONS 
EQUATION 920. 160 OBSERVATIONS 
DEPENDENT VAR FCM RSS 5 o489E+03 EMS 1. 560E+01 
VARIABLE COEFFICIENT T VALUE OF STO DEV R SQ 
INTERCEPT 1-355E+01 6.7 155 3-94 0.694 
GE 8.303E-01 2.5 
GE.GE -1.879E-02 1.5 
PREFCM.HE 1.960E-02 9.9 • 
PREFCM.GE 1.894E-02 5.3 
EQUATION 921. 160 OBSERVATIONS 
DEPENDENT VAR MILK RSS 7 «370E+03 EMS le 492E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
INTERCEPT 1.537E+01 7.6 155 3.86 0.761 
GE 6.320E-01 1.8 
GE.GE -1.962E-02 1.6 
PREMILK.HE 1.901E-02 10.4 
PREMILK.GE 2.534E-02 6.9 
EQUATION 922. 133 OBSERVATIONS 
DEPENDENT VAR MILK RSS 5 .311E+03 EMS 1. 413E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
INTERCEPT 1.383E+01 5.8 128 3.75 0.746 
GE 7.286E-01 1.9 
GE.GE -7.997E-03 0.5 
PREMILK.HE 2.08IE-02 8.6 
PREMILK.GE 2.303E-02 5.6 
EQUATION 923. 160 OBSERVATIONS 
DEPENDENT VAR MILK RSS 7 .401E+03 EMS 1. 454E+01 
VARIABLE COEFFICIENT T VALUE OF STD DEV R SQ 
INTERCEPT 2.481E+01 16.0 157 3.80 0.764 
%HE -1.236E-01 9.2 
PREMILK.GE+HE 2.280E-02 19.5 
EQUATION 924. 133 OBSERVATIONS 
DEPENDENT VAR MILK RSS 5 .305E+03 EMS 1. 396E+01 
VARIABLE COEFFICIENT T VALUE OF STO DEV R SQ 
INTERCEPT 2.479E+01 12.9 130 3.73 0.745 
%HE -1.360E-01 9.2 
PREMILK.GE+HE 2.379E-02 15.6 
EQUATION 925. 160 OBSERVATIONS 
DEPENDENT VAR BUTTERFAT RSS 7 .444E+00 EMS 3. 306B-02 
VARIABLE COEFFICIENT T VALUE OF STO DEV R SQ 
INTERCEPT 6.703E-01 11.9 156 ' 0#18 0.591 
HE.GE 1.023E-03 2»1 
PREBF.HE 1.485E-02 7.8 
PREBF.GE 2.087E-02 10.9 
TABLE 36. (CONTINUED) 
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EQUATION 926. 133 OBSERVATIONS 
DEPENDENT VAR BUTTERFAT 
VARIABLE 
INTERCEPT 
HE.GE 
PREBF.HE 
PREBF.GE 
COEFFICIENT 
6.472E-01 
1.I42E-03 
1.470E-02 
2.204E-02 
RSS 5.294E+00 EMS 3.170E-02 
VALUE 
9.3 
1.9 
6 . 0  
10.0 
OF 
129 
STD DEV 
0.18 
R SQ 
0.564 
EQUATION 927. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
SHE 
PREBF.GE+HE 
EQUATION 428. 
DEPENDENT VAR 
VARIABLE 
INTERCEPT 
%HE 
PREBF.GE+HE 
160 OBSERVATIONS 
BUTTERFAT RSS 7.383E+00 
COEFFICIENT T VALUE 
8.258E-01 11.8 
-2.736E-03 4.2 
1.956E-02 13.5 
133 OBSERVATIONS 
OF 
157 
EMS 3.325E-02 
STD DEV R SQ 
0.18 0.586 
BUTTERFAT 
COEFFICIENT 
8.142E-01 
-2.893E-03 
2.018E-02 
RSS 5.224E+00 EMS 3.200E-02 
T VALUE OF STD DEV R SQ 
9.5 130 0.18 0.557 
4.0 
11.0 
EQUATION 929. 133 OBSERVATIONS 
DEPENDENT VAR GAIN 
VARIABLE COEFFICIENT 
INTERCEPT 9.549E-02 
GE+HE 3.558E-02 
PREFCM -1.724E-02 
RSS 3.336E+00 EMS 4.006E-01 
T VALUE OF STD DEV R SQ 
0.2 130 0.63 0.060 
1.5 
2.6 
1.4 
10 15 5 20 25 0 
GE, megacalpries 
Figure 29. Isoquants for 1.2, 1.4, and 1.6 pounds of daily butterfat production for Equation 
926 on 133 observations • 
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927 and 928. 
Equation 929 was one of several attempts to relate gain as an in-
2 
dependent variable to feed intake. Although the R value for this 
equation is very low, the signs of the coefficients indicate that gain 
increases with energy intake and decreases with the ability of the cow. 
This fomulation recognizes milk output and gain as products that occur 
simultaneously. A similar equation fit to 160 observations resulted in 
2 
an R of 12 percent. 
The above linear milk production function and the curved butterfat 
production were combined to form a value product function. Wilton and 
Van Vleck (145) demonstrated that for the common price scheme based upon 
butterfat content of the milk, the value of milk could be expressed as 
a linear combination of the total pounds of milk sold and the amount of 
fat it contains. 
For example the fluid milk price may be $4.80 per cow, with an $0.08 
price differential for each one-tenth of a percent difference in the fat 
test from 3.5 percent. The value of a given quantity in pounds is given 
by the formula; 
dollar value = (pounds whole milk/100)($4.80 + $0.08 (fat test -
3.5) 10). 
In terms of pounds of whole milk and fat, the above may be reformulated: 
dollar value = (pounds whole milk)($.048 - 3.5 ($0.08)/ 10) + 
($0.08)(10)(pounds of fat). 
This equation will reduce to the following: 
dollar value = ($0.02)(pounds whole milk) + ($0.80)(pounds of fat). 
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Equations previously selected for predicting pounds of whole milk 
and pounds of butterfat were inserted in the above equation to form a 
value of product function for use in the profit maximization computer 
program discussed earlier. 
In selecting rations and intakes for profit maximization, first con­
sideration for the 133 observation data set was given to that area of 
the production surface contained within the limits of observations and 
the ad libitum intake estimate. In Figure 29, line B is the upper limit 
of this area for the 133 Observation data set, and line C is the lower 
boundary of the observations. Line A is the original libitum intake 
restriction. 
For prices of milk from $6.00 to $3.00 per cwt. with an $0.08 
differential from 3.5 percent, optimum rations and intakes appear in 
Tables 38 and 39 for Equations 924 and 926. Optimum levels of milk pro­
duction, percent ENE from grain, and megacalorie intake appear for 
various milk prices for grain at $60 per ton and hay at $30 per ton in 
Table 37 and for hay at $20 per ton in Table 38. All solutions appear 
along the boundaries imposed on the production surface. The solutions 
appear to be relatively insensitive to changes in milk prices in com­
parison to other models fit. This probably is due to the shape of the 
upper intake boundary as well as the shape of the function. 
When a $0.07 discount versus an $0.08 discount was used, hay prices 
of $30 per ton resulted in an increase of six to nine percent in the 
portion of the energy from grain recommended. For hay at $20 per ton, 
a zero to three percent increase in the portion of grain energy was re­
commended. These results are consistent with a lesser penalty associated 
207 
Table 37. Effects' of changing milk prices on profit maximizing rations, 
levels of feeding, and level of production for .hay at $30 
and grain at $60 per ton for Equations 924 and 926 on 133 
observations ; 
Milk prices 
with $0.08 Milk Fat % ENE ENE intake 
fat discount lb. % from grain megacalories 
$6.00 51.0 3.23 70 23.1 
5.80 51.0 3.24 69 23.2 
5.60 51.0 3.24 69 23.2 
5.40 51.0 3.24 69 23.2 
5.20 51.0 3.24 69 23.2 
5.00 50.9 3.25 68 23.3 
4.80 50.9 3.25 68 23.2 
4.60 50.9 3.25 67 23.4 
4.40 50.9 3.25 67 23.4 
4.20 . 50.9 3.25 67 23.4 
4.00 50.9 3.26 66 23.5 
3.80 50.9 3.26 66 23.5 
3.60 50.9 3.26 66 23.5 
3.40 50.9 3.26 66 23.5 
3.20 50.9 3.27 65 23.6 
3.00 44.6 3.13 85 16.7 
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Table 38. Effects of changing milk prices on profit maximizing rations, 
levels of feeding, and level of production for hay at $20 and 
grain at $60 per cwt. for Equations 924 and 926 on 133 ob-
servations 
Milk prices 
with $0.08 Milk Fat % ENE ENE intake 
fat discount lb. % from grain megacalories 
$6.00 50.9 3.27 65 23.6 
5.80 • 50.9 3.27 65 23.6 
5.60 50.9 3.27 65 23.6 
5.40 50.9 3.27 65 23.6 
5.20 50.9 3.27 65 23.6 
5.00 50.6 3.29 62 23.6 
4.80 50.3 3.30 60 23.6 
4.60 49.9 3.31 57 23.6 
4.40 49.6 3.32 55 23.7 
4.20 49.3 3.33 ' 52 23.7 
4.00 49.0 3.34 50 23.7 
3.80 48.6 3.34 47 23.7 
3.60 48.3 3.35 45 23.7 
3.40 48.3 3.35 45 23.7 
3.20 . 48.3 3.35 45 23.7 
3.00 48.3 3.35 45 23.7 
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with the. lowered butterfat percentage observed with increasing levels of 
grain in the ration. 
Two solutions for the $0.07 fat discount are given in Table 39 for 
milk prices of $6.00 and $4.00. The table also illustrates a portion 
of the computer calculations made for each price combination. In this 
case, the difference between maximum profits for 35H:65C, 23H;77C, and 
15H:85C rations is less than one cent. A wide range of economic in­
difference existed for this particular set of solutions. The table 
allows the comparison of profits between maximum and minimum intakes 
for each ration as well as milk and fat production, and liveweight gain 
for these levels of intake for each ration. 
The above solutions,«restricting the area of observations, were 
compared with profit maximizing solutions for the partially extrapolated 
production area between 15 megacalories ENE intake and line A of 
Figure 29. Results of these calculations do not appear in tables. 
For the price combination of $20 per ton hay and $60 per ton grain, and 
milk prices of $6.00 and $3.00, ad libitum intakes of rations containing 
from 85 to 45 percent of the ENE from grain were prescribed. Milk pro­
duction ranged from 58.1 pounds to 48.7 pounds. These solutions can be 
compared to the previous solutions of 65 to 45 percent of the energy 
from grain and production of 50.9 to 48.3 pounds of milk that are given 
in Table 38. 
Similar comparisons can be made for the $30 hay and $60 grain price 
combination. For milk prices from $6.00 to $3.20, rations containing 
from 85 to 69 percent of their energy from grain and production levels 
of 58.1 to 54.8 pounds per day were recommended. In Table 37, recommenda-
Table 39. Data provided by the ration optimization program for Equations 924 and 926 with a 
$0.07 discount on milk fat and Rrain priced at $60/ton and hay at $30/ton 
Maximum Optimum Maximum Profit at Profit at 
Ration Profit ENE ENE Maximum Minimum Milk Fat Fat Gain 
%GE $ Intake Intake Intake Intake lb. °L lb. lb. 
Milk at $6.00/cwt. 
0 1.31 16.0 16.0 1.31 1.27 32.1 3.4 1.1 -.2 
25 1.64 20.5 20.5 1.64 1.46 41.4 3.3 1.4 -.1 
45 1.90 23.7 23.7 1.90 1.59 48.3 3.3 1.6 .1 
65 2.01 23.6 23.6 2.01 1.70 50.9 3.3 1.7 .1 
85 2.01 21.7 21.7 2.01 1.93 51.2 3.1 • 1.6 .0 
77 2.01 22.5 22.5 2.01 1.78 51.1 3.2 1.6 .0 
c at $4.00/cwt. 
0 .66 16.0 16.0 .66 .66 32.1 3.4 1.1 -.2 
25 .81 20.5 20.5 .81 .77 41.4 3.3 1.4 -.1 
45 .93 23.7 23.7 .93 .84 48.3 3.3 1.6 .1 
65 .99 23.6 23.6 .99 .89 50.9 3.3 1.7 .1 
85 .99 21.7 21.7 .99 .94 51.2 3.1 1.6 .0 
73 .99 22.9 22.9 .99 .91 51.0 3.2 1.6 .0 
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tipns of 70 to 65 percent of the ration energy from grain and production 
levels of 51.0 to 50=9 pounds per day were made. 
These comparisons illustrate the importance of the intake re­
striction in determining profit maximizing rations. The nonextrapolated 
set of points considered resulted in more stable solutions than the 
partially extrapolated set. The upper boundary of the nonextrapolated 
production area could also be viewed as an intake restriction. Such a 
restriction implies that total energy intake decreases at the highest 
percentages of grain in the ration. This implication may be realistic. 
The important role that the ^  libitum intake restriction plays in de­
termining profit maximizing ration and intake combinations is again 
demonstrated by the above comparisons. 
Table 40 gives the profit maximizing ration, level of feeding, and 
level of production for hay prices of $30 per ton and grain prices of 
$60 per ton for Equations 923 and 925 on 160 observations. Again milk 
prices were iterated from $6.00 to $3.00 with a price differential of 
$0.08 for each one-tenth percent butterfat from the 3.5 percent standard. 
The area between line A, Figure 29, and 15 megacalories intake was 
searched for profit maximizing rations and intakes. Like Equations 924 
and 926 these equations also predict decreasing butterfat percentages with 
increasing levels of grain in the ration. Both sets of equations in­
dicate that fat production increases at a less rapid rate than milk pro­
duction when additional grain is substituted for hay in the ration. These 
results can be compared with uncorrected gross averages. The all hay 
ration had the highest average fat percentage. The 75H:25C, 55H;45C, and 
35H:65C rations had about equal fat percentages, and the average fat per-
Table 40. Effects of changing milk prices on profit maximization 
rations, levels of feeding, and level of production for hay 
at $30 per ton and grain at $60 per ton for Equations 923 
and 925 on 160 observations 
Milk prices 
with $0.08 
fat discount 
Milk 
lb. 
Fat 
% 
% ENE 
from grain 
ENE intake 
megacalories 
$6,. 00 56.8 3.15 85 27.0 
5.80 56.8 3.15 85 27.0 
5.60 56.8 3.15 85 27.0 
5.40 56.8 3.15 85 27.0 
5.20 56.8 3.15 85 27.0 
5.00 56.8 3.15 85 27.0 
4.80 56.8 3.15 85 27.0 
4.60 56.8 3.15 85 27.0 
4.40 56.1 3.19 81 26.8 
4.20 55.7 3.21 79 26.7 
4.00 55.2 3.23 76 26.6 
3.80 54.7 3.25 74 26.4 
3.60 54.0 3.27 70 26.3 
3.40 53.6 3.29 68 26.1 
3.20 41.0 3.09 79 15.0 
3.00 40.2 3.14 72 15.0 
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centage for the 15H:85C ration was lowest. For this hay-grain price 
combination, earlier FCM equations often recommended less than ad 
libitum intakes of the 15H:85C ration. In contrast both sets of these 
equations, except for milk prices of $3.20 or less, recommended ad 
libitum intakes of the 15K:85C ration and ad libitum intakes ration 
with lower concentrate cofitents. 
For various milk prices, Table 41 gives the profit maximizing ration, 
level of feeding, and level of production for prices of $20 and $60 per 
ton for hay and grain. Equations 923 and 925 recommended a wider range 
of rations for the milk prices listed than was recommended by Equations 
924 and 926. 
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Table 41. Effects of changing milk prices on profit maximization 
rations, levels of feeding, and level of production for hay 
at $20 and grain at $60 per ton for Equations 923 and 925 
on 160 observations 
Milk prices 
with $0.08 Milk Fat % ENE ENE intake 
fat discount lb. % from grain megacalories 
$6.00 55.9 3.20 80 26.8 
5.80 55.4 3.22 78 26.6 
5.60 54.9 3.24 75 26.5 
5.40 54.5 3.26 72 26.4 
5.20 54.0 3.28 70 26.2 
5.00 53.5 3.29 67 26.1 
4.80 53.1 3.30 65 26.0 
4.60 53.1 3.30 65 26.0 
4.40 53.1 3.30 65 26.0 
4.20 52.5 3.32 63 25.8 
4.00 51.8 3.33 60 25.5 
3.80 50.9 3.34 56 25.1 
3.60 49.7 3.35 51 24.6 
3.40 48.7 3.36 47 24.2 
3.20 48.1 3.36 ' 45 24.0 
3.00 46.9 3.36 41 23.4 
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DISCUSSION 
Discussion of Current Findings 
Theoretical considerations of requirements versus input-output lines 
This study supports the theoretical concept presented by Mason et, 
al. (85) that the energy input-milk output relationships for the in­
dividual cow are typified by a decreasing average gross efficiency (aver­
age product) as energy intake is increased. In contrast the require­
ments line implies increasing average gross efficiency as energy intake 
increases. Such a curve was illustrated by the line OA in Figure 1. Each 
point on the requirements curve represents an observation upon a differ­
ent cow whose ability allows the production of the specified quantity of 
PCM without net body fat deposition. 
The requirements line theoretically designates the point on the 
input-output curve where weight gain is zero. Production of milk from 
feed inputs to the left of the intersection of the input-output curve and 
the requirements line requires mobilization of body energy, and production 
of milk from energy intakes to the right of this point results in fat 
deposition. 
Such a theory is consistent with observations by Hotchkiss (62). 
After the first ten weeks of the lactation, cows in the study were 
switched from a 36 percent concentrate ration fed ^  1 ibitum to one of 
three levels of four different rations. After the shift in level of 
feeding, milk production remained on approximately the same lactation 
curve for one or two weeks. During this same period, weight dropped 
fairly rapidly for the lowest intake groups, less rapidly for the medium 
intake group, and weight change was least noticeable for the high intake 
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group; After three to four weeks an equilibrium appeared to have been 
reached and three separate lactation curves,* one for each level of intake, 
had been established. Also, three separate weight levels were apparent. 
When energy is fed in excess of requirements, adjustment of input-
output curves in relation to the requirements curve is not so apparent. 
Blaxter (18) has noted that cows do seem to reduce their intake as they 
get fatter, but the adjustment does not appear to be very precise. When 
intake changes from requirement levels to above requirement levels, milk 
production apparently follows the input-output relationship for the 
particular cow. Simultaneously more milk is produced and weight is 
gained. 
Input-output relationships appear to be dynamic; i.e., changing 
with time. Thus, production function II of Figure 1 may represent the 
same,cow as represented in function I, but at a later stage of the 
lactation. Alternatively, at the same stage of the lactation, function 
II could represent a different cow having a lower production potential. 
During early lactation, the production function may be entirely to 
the left of the requirements line. As pointed out by Re id ^  aJ. (114), 
a cow may not be able to consume enough feed to reach requirement levels 
of intake during early lactation. At a given point in time, the position 
of a cow's input-output function to the requirements line may depend upon 
the production potential of the cow, her stage of lactation, and her 
previous nutrition. 
The major role of the intake restriction 
This study demonstrates that libitum intake is a primary factor 
in determining the combination of hay and grain to be fed when relative 
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prices favor hay. Some have assumed that the curvature of the production 
function was the primary controlling factor in determining proportions 
of hay and grain in the diet. 
Even when a unit of energy is considerably less expensive in the 
form of roughage than grain, it will often pay to feed additional grain 
to increase ad libitum intake and to increase milk production. Greater 
profit will result even though profit per unit of milk produced is less. 
Exact specification of the curvature of the milk production function 
is not useful without an equally accurate estimate of voluntary intake. 
Defining the curvature of the production surface may be of less impor­
tance than previously thought. 
The variation in voluntary intake among individual cows is great. 
Thinking of intake in terms of a simple mathematical function may be 
entirely unrealistic. To talk of a simple stomach line for all cows, 
such as McCullough's average intake function, is probably inadequate. 
No line is evident. Instead a very wide band seems to be more descriptive 
of the composite of the upper intake limits of individual cows. Ad 
libitum intake appears to decline with the stage of the lactation and 
may decrease with increasing body condition. Estimates relating voluntary 
intake to ration, stage of lactation, cow size, production potential, 
and previous feeding regimes are needed. 
ENE overrates hay relative to grain 
All equations regressed upon the combined data sets indicate that 
for FCM production purposes, the value of a megacalorie of ENE from 
hay is considerably less than a megacalorie of ENE from grain. 
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The value of a megacalorie of hay ENE was worth approximately two 
thirds that of grain. In Table 24, estimates from Equation 732 for 160 
observations with preliminary FCM production held at 50 pounds indicated 
that any given level of ENE intake from the 15H:85C ration will produce 
7.7 pounds more FCM than the same level of ENE intake for an all hay 
ration. ,For any single ration, the difference in production for 15 
megacalories intake and 25 megacalories intake is only 10.5 pounds FCM. 
This implies that almost as much milk can be obtained by substituting 
grain for hay at 15 megacalories intake as can be obtained by feeding 
an additional ten megacalories of ENE in the form of an all hay ration. 
However, the highest observation for the all hay ration was about 20 
megacalories intake. 
A similar comparison can be made between the 75H:25C and the 15H:85C 
rations where both have observations at higher energy intakes. The 
15H:85C ration produced 5.4 more pounds of milk than any similar level 
of energy of intake for the 75H;25C ration. These ration differences 
seem large and are not well supported by other experiments in the lit­
erature. Similar comparisons can be made between the 75H:25C and 15H;85C 
rations in Equation 854 with auxiliary variables at similar levels for 
both. At the 25 megacalories intake level, the 15H;85C ration resulted 
in 3.1 pounds more FCM than the 75H:25C ration while at the 15 mega­
calories intake level, the difference was 5.3 pounds. This difference 
was about the same as the above difference of 5.4 pounds. 
Perhaps the quality of the hay was overvalued when the ENE was 
estimated. Hotchkiss (62) implied that the hay was not of the highest 
quality in ISU2.. 
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The ENE system may simply overestimate the value of roughage for 
milk production relative to grain. This hypothesis finds support in 
recent work by Moe and Flatt (98). Their energy metabolism studies also 
suggest that as the percent grain is changed in the ration the variation 
in the true productive value of TON for milk production may be even 
greater than is suggested by traditional ENE values. 
Most ENE values were obtained in fattening trials and applied to 
lactating cows by adjusting energy requirements for milk production. 
The requirements were adjusted downward to compensate for the more ef­
ficient use of energy for milk production than for fattening>(Morrison, 
103). The assumption that these adjustments are valid ignores the possi­
bilities that for given roughage-to-concentrate ratios, fermentation end-
products resulting in the rumen may have somewhat different effects on 
efficiency of milk production as compared to fattening (Blaxter, 18). 
Part of the increase in milk production with Increasing percentage 
of grain may be due to increasing preliminary milk production with in­
creasing levels of grain intake among the ISUl and ISU2 experiments. 
Average preliminary milk production was 48.1, 49.6, 49.0, and 52.2 for 
the 75H;25C, 55H;45C, 35H:65C, and 15H:85C rations. Not all of this 
difference may have been adequately corrected by covariance. 
Imbalance due to different rations being fed in the ISU data sets 
and KSU data sets does not seem to be part of the problem. In Equation 
735, Table 24, which was fit upon the three rations that were in all 
experiments the maximum difference in FCM production for equal energy 
intakes was 4.5 pounds for the 75H;25C and the 35H:65C rations. For Equa­
tion 732 on 160 observations, the above difference .was only 3.6 pounds. 
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Ability 
This study supports the conclusions of Bloom (20) that ability of 
the cow, as indicated by production following parturition, has consider­
able effect upon short-run milk production. 
Little research exists on measuring the ability of the dairy cow. 
The term requires definition before it can be measured. The use of 
production during a standardization period appears to be a useful proxy 
for cow ability, although considerable variation appears to exist in 
the lactation curves of different cows. 
Auxiliary variables for age and weight 
Coefficients for auxiliary variables other than preliminary produc­
tion were unstable frcm data set to data set. In addition, t values for 
coefficients of these variables were usually not significant. The ex­
periments were not designed to measure the independent effects of age 
and weight simultaneously with the other variables used. Thus age, 
weight, and preliminary production were naturally correlated. Age and 
weight were more correlated with each other and with preliminary pro­
duction than they were correlated with FCM production. Had age, weight, 
and preliminary production been treatment effects in a factorial type 
of experimental design, the correlation between these variables would 
have been nearly zero. Perhaps under such conditions the coefficients 
for age and weight would have been more consistent from data set to data 
set. 
In this study it is very difficult to attach much creditability to 
the values of coefficients for age and weight. It is hypothesized that 
their coefficients were as much a function of the intercorrelations be­
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tween age, weight, and preliminary production as they were a function 
of the direct effects of age and weight upon FCM production. Usually 
the signs, of the coefficients for age and weight were not consistent with 
the signs anticipated for these variables. 
Even if weight coefficients have significant t values, the problem 
of interpreting the coefficient remains., A value for the weight of a 
cow by itself has .limited usefulness. Knowing that a cow weighs 1400 
pounds does not tell whether this weight refers to a small-framed fat 
cow or a large, thin cow. It is not known if the cow is in a state of 
energy mobilization for milk production, is depositing fat, or if the 
weight includes 50 to 150 pounds of gut fill. Only when weight is 
placed in the proper context with the host of factors that influence 
milk production, can logical meaning be attached to the effect of weight. 
The effect of weight simply cannot be isolated as an independent factor. 
There is much difficulty in estimating a dependable physiological con­
stant for the effect of weight on production from only 165 observations 
taken from experiments not designed for weight estimates. 
Body condition may be a more relevant variable to indicate the 
amount of tissue energy available for mobilization than is body weight. 
Weight is a proxy variable for body condition. However, weight is readily 
defined and measured while body condition is not. Gardner (49) has de­
fined condition codes 1 through 3 for use in his study. Perhaps there 
would be a payoff to additional work in producing pictures and de­
scriptions of various body conditions and encouraging research workers 
to use these standard codes in describing cows used in their experi­
mental work. Such codes have been workable in visual appraisal of car­
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cass quality and cutability grades for meat animals. 
The main payoff to describing body condition would then come from 
experiments to determine effects of feeding to maintain various body 
conditions during various stages of the lactation. Such an experi­
ment would need to be conducted for several lactations. 
Temperature 
Like age and weight, temperature is expected to be associated with 
FCM production levels. These experiments could not measure the effects 
of this variable with precision. It was expected that ability by tem­
perature interactions (Johnson ejt al. 66) and that percentage grain in 
the ration by temperature interactions (Bloom, 20) would exert an in­
fluence upon FCM production. 
The cross-product of temperature variables and grain energy tended 
to be significant in several cases. For example in Equation 868, Table 
18, the negative coefficients on the temperature index indicated that 
production decreased with increasing temperatures and the positive sign 
on the TEMPKS.GE interaction reflected observations during hot weather 
of higher intakes and lower heat increments for high grain rations as 
compared to high roughage rations. However, the signs were reversed when 
the same variables were regressed on the combined data of ISUl and ISU2 
as can be noted in Equation 867, Table 18. For a number of equations 
not reported but fit to the combined data set, the interaction of GE and 
TEMP80 tended to be significant. Equation 746 and 781, Table 21, are 
examples where t values for this interaction are 2.4 or more. 
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Gain 
For regressions that treated gain as a dependent variable, the 
general direction of the effects of feed input and cow ability upon 
weight gain were consistent with previous studies. Murdock and Hodgson 
(104) reported a five pound Increase in milk production and a simultane­
ous increase in body weight when cows were fed 19 pounds of concentrate 
daily as compared to 8.5 pounds. These averages were for an entire 
lactation. For a cow of a given ability, additional energy input in­
creases both FCM production and weight gain. Small reductions in gross 
efficiency also occur with increased production. 
This study also supports work by Miller and Hooven (95) indicating 
that decreases in production or average product are associated with 
weight gain. Comparisons of the input-output relationships for gain 
and FCM production indicate that for a given level of feed intake, low 
ability cows gain more weight. The low ability cows were considerably 
less efficient at a given level of energy intakei 
Treating gain as a secondary product resulted in more interprét­
able results than when gain was used as an auxiliary variable. When 
gain was treated as an auxiliary variable, the signs and magnitude of 
coefficients were often difficult to interpret. Values of t for co­
efficients usually were not significant. 
Looking at the effect of gain upon efficiency alone as was done by 
Miller and Hooven (95) provides results that are difficult to interpret 
economically. Only when milk output is to be maximized from a fixed 
amount of feeds tuffs would information on maximum efficiency be rele­
vant. For current Grade A milk prices and feed prices, the results of 
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this study indicate that a dairyman would normally produce at levels of 
feed intake that result in less than maximum efficiency in order to 
maximize profits. 
Alternative expressions of milk production 
If one chooses to work with an index of energy output, SCM (solids-
corrected milk) as proposed by Tyrrell and Reid (137) may be preferred 
over FCM. The former provides a more accurate estimate of energy con­
tent for milk with the FCM equation that was developed in the thirties. 
Solids-not-fat information was not available for all cows in this study, 
and therefore, FCM was used. 
The prediction of the components of milk may be preferred to pre­
diction of FCM production. If the production of milk components can be 
predicted with a degree of accuracy, one can combine the predictions to 
form a value of product function which can be used for profit estimation. 
For example, Brog (24) has suggested that the pricing system for milk 
be based upon its fat and its protein content. He argues that these two 
components can be readily measured and correlated with the value of 
these two components in consumer packaged dairy products. If such a 
pricing system were to be adopted, a value of product function for these 
two components would be appropriate. 
Prediction in terms of whole milk and quantity of butterfat allows 
milk production to be expressed in the same manner as it is priced in 
the marketplace. Division of butterfat by whole milk production allows 
calculation of butterfat percentages. Procedures followed in analyzing 
Equations 924 and 926 from Table 36 allow economic assessment of the ef­
fects of reduced butterfat percentage observed with increasing grain levels. 
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If the predictions of these equations are correct, for many price 
combinations it is possible by feeding higher grain ratios to increase 
intake and milk production by amounts that more than offset the effects 
of price discounts due to reduced butterfat percentages. It is also 
easier to relate predictions with literature observations when pre­
dictions allow for butterfat estimates. 
Uncertainty and Milk Production 
During the past 50 years, the dairyman with the aid of the scientist 
has been able to greatly improve levels of production per cow and has 
learned to avoid numerous nutritional pitfalls. However, the dairyman 
still faces a great deal of technical uncertainty when trying to predict 
the effects of a given ration and level of feeding upon the production of 
the cows within his herd. This uncertainty is of considerable conse­
quence. Every dairyman either explicitly or implicitly adopts a 
strategy to meet uncertainty. His success in finding the most profit­
able strategy will depend upon his skill, and the skills of his advisors, 
as well as elements of chance. 
Selection of profitability 
A primary strategy to make the difference between the value of milk 
production and the total cost of feed as great as possible under any 
price condition is the strategy of selecting cows with the ability to 
efficiently produce milk. The short-run differences between cows of 
varying preliminary milk production levels were large. There appeared 
to be a high correlation with production during the preliminary period 
and the level of profitability of production during the experimental 
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period for the cows in this study. The top producing cows in the study 
would probably produce about 15,000 pounds annually. 
Obtaining cows that are highly efficient is not an easy task. The 
heritability of milk production is low, from 20 to 35 percent. Offspring 
of efficient cows are not necessarily efficient also. Still the ef­
ficiency of production by cows can be estimated, and less efficient cows 
can be culled. 
Minimum levels of roughage 
The dairyman must decide on the minimum amount of hay to be fed. 
In this study the 15H;85C ration line was used as the minimum hay re­
striction because data extended to that region. Recent investigations 
have indicated that minimum hay levels equivalent to 1.5 to 2 percent of 
the body weight may be desirable (Gardnor, 49; Ronning and Lab en., 117). 
For a 1300 pound cow a 1.5 percent restriction would be equivalent to 
19.5 pounds of hay daily or ten megacalories of ENE per day. From 
Figure 29, it can be seen that a minimum hay restriction of ten mega­
calories would eliminate a large area of the bounded production surface 
from consideration. Under the conditions of this study the additional 
profit to be gained from feeding less roughage than this recommendation • 
may be small. A roughly equivalent restriction is to limit the per­
centage of energy coming from concentrate to no more than 65 percent. 
For price combinations examined, the additional profit from feeding the 
15H:85C ration rather than a 35H:65C ration was not more than ten percent. 
This occurred for the linear equations which may have overestimated the 
value of the high grain levels. Some quadratic regressions showed 
negligible advantages for the highest level of grain feeding over 
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equivalent levels of the 35H:65C ration. In addition the ten percent 
advantage occurred for ad libitum levels of intake of the 15H:85C ration. 
The milk production response in this area was obtained by extrapolation. 
The profit advantage also was dependent upon the assumption that total 
energy consumption would be slightly increased by feeding the 15H:85C 
ration over the feeding of a 35H:65C ration. Energy consumption might 
even be decreased by feeding the higher level of concentrates. Work 
by Gardner (49) and others suggest the problems of overweight that may 
result from feeding high levels of grain are associated with problems 
of udder edema, ketosis, and other complications. Because of the 
effects of the high grain rations upon metabolism, severe reductions in 
milk fat percentages have been observed for some cows. No evidence of 
these problems was noted in these trials which included a 15H:85C ration 
or about 75 percent concentrates. However, a cautious dairyman may 
wish to restrict the upper limit of grain to the 35H:65C ration which 
contains about 50 percent concentrates. 
Energy levels 
The dairyman faces considerable uncertainty when choosing levels of 
energy to feed a cow. For high producing cows, approximately the first 
two months or more of the lactation is a period of energy mobilization 
from the body. Energy needs often exceed energy intake. The economics 
of feeding high producing cows during this period becomes the problem of 
determining the trade-off between more energy mobilization from the body 
at present and the effects of the increased energy mobilization upon sub­
sequent production. It is possible that current debts from energy 
mobilization may be repaid with less expensive energy sources. To para-
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phrase Moe and Flatt (98), the economics of feeding high producing cows 
become that of maximizing intake during the mobilization period. During 
the remainder of the lactation, the strategy becomes that of avoiding 
overfeeding to prevent excess weight gain and also avoiding underfeeding 
to prevent a decline of persistency. 
For'price combinations that favor hay as a less expensive energy 
source, it is necessary to add grain to the ration in order to achieve 
levels of energy intake that are in excess of approximately twice main­
tenance requirements and that will support more than approximately 30 
pounds of milk production. Higher quality hay can be expected to in­
crease ^  libitum intake and hence support higher levels of production. 
Thus often the determination of the level of feeding may also require the 
assessment of forage quality and its effect upon voluntary intake for 
various hay and grain combinations. In addition the dairymen must pre­
dict the milk production response from various levels of energy intake that 
he may propose to feed. In this study only the production response to 
the ration and the level of feeding was predicted. For the combined data 
of 165 cows, the standard deviation of the error of prediction was about 
four pounds FCM or a coefficient of variation of about ten percent. For 
several equations fit to the 165 observation data set, the maximum error 
of prediction for an individual observation was greater than 14 pounds 
FCM. This error was in excess of one-third of the average production. 
For price combinations favoring hay feeding at other than restricted 
levels, predictions of forage quality, voluntary intake, and production 
response must be accomplished before the dairyman can compute the costs 
and returns for various feed combinations that may be fed. At the present 
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state of knowledge it is not possible to make any of the above three pre­
dictions with a great degree of precision. 
Substitution relationships 
The dairyman must make decisions as to the substitutability of feeds. 
Again he faces considerable uncertainty in this task. Thé nutritive 
value of roughages is especially difficult to evaluate. The energy value 
of roughages used in this study may have been misjudged by as much as 
one-third. Concern over curvilinear substitution relationships between 
alfalfa hay and concentrate may be premature considering the inaccuracy 
involved in estimating even the linear component of the productivity of 
feedstuffs. It would seem to be more relevant at this time to attempt 
to obtain linear estimates of the value of roughages that were approxi­
mately correct relative to other feedstuffs. 
Simple strategies for uncertainty 
Feeding cows according to a feeding standard based on milk production 
may be viewed as an example of a strategy used to maximize profits under 
conditions of technical uncertainty. If one feeds according to an allow­
ance based upon milk production and body weight, one can feel fairly 
secure that a large portion of last units of feed fed may be converted to 
milk rather than fat. This procedure is a conservative method which 
assures that for common price combinations and for average cows that the 
value of the marginal product will not be less than the cost of a 
marginal unit of feed. 
However, such a method may allow some abnormal cows to become too 
fat and may underfeed other cows with high production potential, result­
ing in foregone profits under favorable price conditions. An alternative 
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approach to deal with uncertainty has been suggested by recent studies 
by Gardner (49). Gardner demonstrated the use of body weight change as 
the main criterion of the amounts of concentrates to offer during the 
lactation. As production declined, weight gains and increases in body 
condition were used as a guide in reducing the level of energy intake. 
This strategy would seem to be a logical means of combining recommenda­
tions from input-output relationships with practical ration formulations. 
Cows would be fed input-output recommendations modified by observed body 
condition and weight gain. For example for price combinations of 
grain at $60 per ton, hay at $30 per ton, and milk prices from $4 to 
$5 per cwt., various equations recommended from 20 megacalories to ad 
1ibitum levels of the 15H:85C ration. One could feel fairly comfortable 
feeding anywhere within this range using observed weight gain as a guide 
for determining feeding levels of individual cows. 
The economics of maintaining cows in varying degrees of body 
condition is a problem about which there has been relatively little re­
search conducted. Experience indicates that reproductive efficiency may 
be impaired if cows are allowed to become thin during the breeding 
season, and health problems may result if cows are allowed to become too 
obese before parturition. 
Group feeding 
For groups of cows, the strategy of feeding according to the average 
. 
condition of the group may be practical. As labor prices rise, group 
feeding of large numbers of cows becomes more popular. Feeding dairy 
cows individually and computing ration changes for each cow will usually 
cost more than group feeding a large number of cows by mechanical means. 
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A number of large dairy operations have discontinued individual feeding 
in favor of group feeding. Bath (11) cited these reasons: more cows 
milked per manhour in parlor, less dust in the parlor, less wasted feed, 
and reduced feeding costs. Toenjes et al. (133) reported equal per­
formance with individual versus group feeding, and Stott (129) reported 
that a 700 cow dairy reduced its labor requirement from 20 manhours per 
day for individual feeding to three manhours per day for group feeding 
of a complete ration. 
For group feeding, cows may be divided into several groups accord­
ing to stage of lactation and level of production. Each group is ad 
libitum fed a ration that is most suitable. Restricted feeding is not 
usually practical as aggressive cows may eat more than their share, 
leaving timid cows with high production potential undernourished. Ad 
libitum feeding is practical when high quality roughage is relatively 
inexpensive, when all cows are highly efficient producers, or when a 
variety of roughage sources including cheap roughages are available. Fre­
quent switching of individual cows from pen to pen to match their needs 
with the ration being fed to a given pen may also be impractical. 
Disturbance usually results when a new animal is introduced into a group 
of cows. 
Cows that do not perform well under group feeding conditions are 
culled from the herd. Such a culling system may have inherent ad­
vantages. Inefficient cows tend to be fattened and ready for market by 
the end of their lactation. 
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Exper imentat ion 
Neither short-run production function studies nor energy studies 
conducted to date result in production predictions that are accurate 
enough to make precise ration adjustments in feeding programs in re­
sponse to price changes. As the dairyman faces considerable uncertainty 
in predicting production he may wish to experiment with various cows. 
Clendining (31) has reported that practical dairymen increased the 
energy provided to individual cows for several days or a week and 
measured, the milk production response. This procedure provides them 
with an estimate of the current marginal response of milk production to 
additional feed input. Similarly, Coppock (33) has suggested that cows 
may be fed additional amounts of protein to estimate the marginal milk 
production resulting from additional protein input. This study indicates 
that the response surface is relatively flat. If the dairyman was 
previously feeding fairly close to optimum levels, the monetary loss due 
to experimentation with cows that do not respond as expected will be 
small. Such experimentation reveals nothing about long-term or carry­
over effects of added feed inputs; however, it may help to identify cows 
that are currently being fed so that current marginal revenues greatly 
exceed current marginal costs. 
Discussion of Related Studies 
Applicability of previous equations 
The equations proposed by Madden (83) and Hoover ^  (61) were 
most appropriate for the original data sets to which they were fit. Both 
equations contained lar.ge numbers of variables and their interactions for 
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which coefficients were significantly different from zero. When these 
equations were fit to other data subsets, the significance of many of the 
terms was reduced. Only the variables for preliminary production, grain 
intake, or their interactions with other variables were consistently 
significant in the regressions fit to other data groups. 
Previous procedures 
The general procedure followed by Madden (83) and Hoover e_t ^1. (61) 
was to fit a large number of regression equations to the data. The follow­
ing criteria were used for selecting among models: the signs of re­
gression coefficients had to be consistent with logic, all t values should 
2 2 be significant, and a high R value was more desirable than a lower R 
value. Quadratic equations with minimums and saddle points were ignored 
as they were not consistent with well-known economic and nutritional 
principles. Only quadratic functions with maximum points were considered 
logical. 
In the present study, large variation in the coefficients for specific 
variables was found. It was not unusual to find functions with quite 
different production surface shapes when fitting various subsets of the 
data. Functions with minimum points, maximum points, and saddle points 
were found. The inconsistency among shapes of production surfaces de­
rived from various data sets leads to the conclusion that only general 
linear trends can be estimated from the data. 
Examination of the diagram illustrating the isoquants and isoclines 
of Equation One appearing in Hoover £t (61) indicates that the 
general procedures outlined above are not adequate to assure that a 
reasonable production surface is obtained. The diagram shows a ridge-
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line passing across the 35H:65C (50 percent concentrate) ration. This 
indicates that the higher levels of this ration will actually depress 
FCM production. There is'no indication in the literature indicating 
that after a 37 percent concentrate ration was fed for the first two and 
one-half months of the lactation and a 50 percent concentrate ration was 
then fed for an additional month, average production of normal cows is 
decreased by high levels of a 50 percent concentrate ration. 
Assumptions of diminishing marginal product 
Madden (83) assumed that diminishing return effects to added hay 
and grain inputs must exist throughout the area of the data and for 
all cows observed. This assumption cannot be substantiated beyond 
reasonable doubt for the area of the production function observed. Evi­
dence in the literature for cows at similar levels of intake and similar 
production levels can be found where diminishing returns are not 
demonstrated. Mather £t al. (87) found no evidence of diminishing re­
turns in his observations for the cows with high production potential 
and little evidence of diminishing returns among cows with low pro­
duction potential. For the ISUl data. Bloom (20) found that conversion 
of ENE to milk was the same regardless of the level of feeding indicating 
linear relationships. While there undoubtedly were cows that did ex­
hibit diminishing returns among those in this study, there is little 
evidence that all cows experienced measurable diminishing returns. 
Assumptions of convex isoquants 
The assumptions that isoquants must be convex to the origin of the 
hay and grain axis for all ranges of the data observed in these trials 
cannot be substantiated by evidence from the literature. Such interpréta-
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tions have been made by economists. For example, see the comments of 
Jensen on page 117 of Hoglund et al. (58). Jensen suggests that grain 
substitutes for hay at a diminishing rate. Perhaps confusion resulted 
from statements made by animal scientists regarding production around 
the stomach line. The observation that milk production increases more 
rapidly when the first increments of grain are added to an all roughage 
diet than when added to a 30 percent concentrate diet does not provide 
applicable evidence because levels of production for the two rations are 
different. This misinterpretation of experimental evidence appears to 
be related to confusion between effects of grain upon intake and its 
effects upon the production function. Estimates such as those by Mc-
Cullough (90) suggest that increases in energy intake diminish as grain 
makes up a higher portion of the diet. Simultaneously, milk production 
increases because of higher energy intake. This is not evidence that the 
isoquants are curved. 
On the same page of the above reference the argument is presented 
that if substitution relationships are at constant marginal rates, a 
minimum cost ration will either be all forage or all concentrate. For a 
given level of milk output the statement is true ; however, as pointed out 
previously, such logic ignores the effect of the grain upon ad libitum 
intake. Considerably more milk can be produced by feeding some grain 
in addition to hay. When the marginal rate of substitution of forage 
for grain is greater than the price ratio of forage to grain, less profit 
per unit of milk will be made by feeding some grain rather than all hay, 
but for many price ratios, more total profit can be made by producing more 
milk at a reduced profit per unit of milk, ^ 
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It is not believed that isoquants for high quality forage and con­
centrates are perfectly linear; however, previous arguments presented to 
support the hypothesis of nonlinearity of these relationships are not 
conclusive. These isoquants appear to be straight enough that measuring 
their curvilinearity is a difficult task. Without estimates of intake re­
straints and reliable estimates of differences in forage quality, precise 
estimates of the small curvature of substitution rates between a given 
forage sample and a concentrate mixture are not of great value. 
To date, animal scientists have not been able to measure changing 
rates of substitution between alfalfa hay and concentrates in rations 
containing up to 60 percent concentrate under feeding trial conditions. 
Proof of convex isoquants and diminishing returns cannot be generated 
from this study. 
Changing marginal product with increasing cow ability 
The equations by Hoover et (61) fit parallel response surfaces 
for increasing levels of preliminary FCM production. They suggest that 
for a given level of feed input the marginal product is the same regard­
less of the ability of the cow. If we accept the nutritionist's hypothe­
sis that increasing levels of high milk production must be accompanied by 
additional weight gain during periods of the lactation when it is possible 
for the cow to consume enough energy to exceed her energy needs, then 
for a given level of feed intake, cow ability is associated with the 
conversion of energy to milk production rather than to fat deposition. 
At a given level of intake the high producer will have a higher marginal 
product than a low producer. At a given level of energy intake, for 
example 25 megacalories, a high producer may use most of an additional 
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tnegacalorie of intake to produce milk while the low producer may 
primarily use the additional megacalorie for fat production. 
A number of regressions were attempted where both the preliminary 
FCM intercept variable and the feed by preliminary FCM interaction 
variable were fit simultaneously. In most equations observed, the inter­
action term but not the intercept term, was significant. The sign of the 
PREFCM variable was usually negative, and the sign on the PREFCM vari­
able by feed intake interaction was usually positive. 
Independence of function derived for weekly time periods 
The Madden study implied that profit could be maximized for each 
individual week by fitting equations with time as a variable upon 
weekly observations. For.a given price combination, the ration and level 
of feeding that resulted in maximum profit for each week could be found. 
The study implied that profit during the experimental period could be 
maximized by feeding the most profitable rations found for each week. 
As pointed out by Frick and Mighell in Hoglund £t (58) only if 
production in one week is independent of the production in the preceding 
weeks, is it possible that total profit over the entire lactation will 
be maximized? In these studies, those cows receiving a high level of 
intake during a given week also received a high level of intake during 
all preceding weeks of the experimental period. Similarly, cows re­
ceiving low levels of intake in a given week had also received low levels 
of intake during all previous weeks. 
The input-output relationship derived for the single week of the ex­
perimental period has little meaning when viewed by itself. If a cow on 
the low level of feeding is switched to the high level of feeding at the 
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beginning of a given week, it is unlikely that she will produce the amount 
of milk indicated by the input-output curve. Reid (112) has indicated 
that when lower levels of intake were fed during the peak production 
period, the lower lactation curve established cannot be raised to the 
production level of the higher levels of intake until late in the lacta­
tion. It can be hypothesized that a portion of the added energy would 
be used to establish a new and higher weight equilibrium. Perhaps some 
of the milk forming tissue in the mammary glands would have degenerated, 
making increases in milk output difficult. Similarly, switching cows 
from the high level to the low level of intake would probably allow 
greater levels of milk production than production levels obtained by cows 
fed continuously on a low level of intake. The high level cows when 
switched to lower intake levels would, at least for several weeks, draw 
upon their stores of energy to produce more milk. 
It appears that production in individual weeks or months is not 
independent of intake and production in previous time periods. The 
problem is to assess the effect of these time dependencies upon subse­
quent production relationships. 
The study by Hoover £t (61) fit a function upon the sum of pro­
duction for the last eight weeks of the 12-week experimental period. 
Similarly this study primarily utilized eight-week averages. In­
stantaneous movement from a high level to a low level of production on 
this surface is also impossible. A given point on the production surface 
can be reached only by feeding the profit maximizing ration during the 
eight-week experimental period and also feeding it during the four-week 
period prior to the eight-week experiment. In addition a seven to four 
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hay to grain ration must be fed the nine weeks following parturition. 
The ration fed during the last 12 weeks must be fed at a declining 
schedule as was calculated by Bloom (20) and used in these experiments. 
If cows are fed under one scheme of experimental conditions, 
these results cannot be used to predict how cows will react 
to other feeding schemes. It is not logical to assume that cows fed a 
series of rations, each a different level of intake, would have the 
same response surface as those cows that were continually fed one ration 
at one level of intake. Such an assumption requires more knowledge than 
is presently available. 
Signs of auxiliary variables 
The logic used by Madden in predetermining the signs of some of the 
auxiliary variables is questionable. Madden (83) stated that the sign 
of weight should be positive because milk production increases as 
weight increases. Intake,also tends to increase as weight increases. 
Production could increase because the heavier cow eats more while the 
production function remains constant. A positive sign on weight would 
imply that by holding hay and grain input constant, milk production can 
be increased by simply employing a heavier cow. Thus, the effect of 
increasing weight would be exactly opposite of the effect suggested by 
the maintenance requirement theory. If a heavy cow and a light cow were 
given equal quantities of food, after satisfying their maintenance needs, 
the light cow would have more energy left for milk production. This 
logic would suggest that the sign on weight should be negative. Both 
the Brody and Ragsdale (23) and the Mason et aX. (85) reports, available 
at the time of the Madden study, suggest that the effect of weight should 
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be near zero or slightly negative. 
Similarly Madden implied that the age index should also have a 
positive sign because milk production increases with age. The sign 
may be correct but the reasoning is not apparent. If for a given level 
of feed; i.e., grain and hay are held constant, it is possible that be­
cause of the reduced requirements for growth the four or five year old 
cow may produce more milk from a specific diet than would be produced 
by a first calf or heifer eating the same diet. Thus, a positive sign 
on age would be indicated. 
Consideration of maximum points 
The logic of requiring a maximum point to be near the data as 
suggested by Hoover ^  al_. (61) is not apparent. The observation that 
a cow will produce more milk when fed one ration than when fed another 
ration is not proof that near maximum levels of production have been 
reached. The fact that a cow can produce more milk when fed one ration 
than when fed another may well be a function of ^  libitum intake. The 
cow can consume more energy from one ration than from another. Reid 
(112) implies that cows will produce more if they could eat more. 
Armstrong (6) states that milk production increases at a declining rate 
with increasing levels of energy input. Declining milk output with in­
creasing feed intake is not common. 
Selection of the best equation from a large number of regressions 
Another problem arises regarding the procedure of fitting a large 
number of equations to the data and then subsequently selecting those 
equations that have significant t values for a large number of regression 
coefficients as being most representative of the true production surface. 
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It could be by chance alone that certain of the variables estimated are 
significant in the isolated cases where sigitificance results occur only 
for a given combination of variables. The meaning of those t values 
where a certain combination of variables is found for which all t's 
are significant is questioned in cases where several of these t's were 
not significant in most of the equations examined. 
Discussion of the Production Function Approach 
Disadvantages of approach 
There are disadvantages to the approach and experimental design used 
in this and related studies. First, the trials were short-term. Moe 
and Flatt (98) have cast serious doubts about the usefulness of short-run 
trials for evaluating feeding practices because of the cow's ability to 
mobilize energy for production during short-run. An experimental dura­
tion of at least a full lactation and preferably two or three lactations 
would be desirable in order to eliminate carry-over effects. 
Secondly, the use of a single ration during the entire experimental 
period may not conform to ration profit maximization under price condi­
tions favoring maximum roughage useage. Feeding programs for each price 
ratio may require varying levels of concentrate in the ration as the 
lactation curve and the marginal product of energy input fall with time. 
The results of this study have limited direct application because 
it only measures the effect of one roughage of undetermined quality and 
a standard grain mixture. Many other feedstuffs such as corn silage, 
haylage, urea, and hays of various qualities are of economic concern. 
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In 1957 Lucas questioned the simple logic of input-output rela­
tionships on page 188 of Hoglund et al. (58). Lucas refutes the static 
model with cows and feed as major input items and milk as an output as 
too simple. Instead he identifies the system as obviously being dynamic 
and suggests that a set of differential equations could realistically 
represent feed and milk production. His point is well taken, but it is 
beyond the scope and interests of this study to .pursue such an approach. 
Advantages 
The production function approach as used in this study also has 
advantages, because it attacks the problem of profit maximization 
directly. It attempts to directly relate changes in milk production to 
changes in feed inputs. This relationship is basic to decision-making. 
Much of past dairy science research only collects circumstantial evidence 
for determining the profitability of feeding schemes. The problem of 
estimating the economic significance of the findings of a particular study 
often is not given priority in the publication of results. Few studies 
are conducted with the main purpose of determining the profitability of 
given feeding schemes under varying price conditions. 
It can be argued that rates of change are most relevant for decision­
making purposes. As pointed out by Glenn L. Johnson in Hoglund et al. 
(58): "Generally speaking, economic analysis locates optima by comparing 
rates of change. Without accurate estimates of derivatives or the con­
sequence of changes, the results of economic analysis have little value." 
According to this logic, estimates of rates of change are imperative, 
even if some argue that it is impossible to measure them. An estimate 
believed to represent reality may be better than no estimates at all. 
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The importance of price ratios to decision-making processes is 
recognized. Recommendations such as one pound of concentrates per three 
pounds of milk plus ad libitum roughage, ignore the possibility of 
changes in price relationships having effects on ration formulation. 
Even in recent literature it is common for animal scientists to speak 
of optimum rations and make no reference to price relationships (Gardner, 
49). Similarly it is not uncommon for animal scientists to publish re­
sults of practical feeding trials and fail to report the input-output 
relatiorisnips required for making simple cost comparisons (Tyrrell _e^ al. 
138). Most dairymen want to know if a given feeding program will produce 
more profit, whether or not it will produce more milk is incidental. 
This approach recognizes the importance of the production potential 
of the cow and the stage of lactation upon input-output relationships. 
It also allows for the simultaneous estimation of the feeding value of 
at least two feed inputs. These factors are often ignored in tradi­
tional requirements estimates. For example, work by Moe ejt (99) 
was the basis for the article by Reid et^ al. (114). The latter article 
provided estimates of energy and protein requirements for milk produc­
tion. Level of intake was directly confounded with stage of lactation. 
Lower levels of intake were observed only during the latter stages of 
lactation and high ^  libitum intakes were observed only during early 
stages of lactation. All feedstuffs were combined as TDN intake regard­
less of the portion of the TDN coming from concentrates or roughages. 
This would not result in serious problems if the TDN of the forages and 
of the concentrates used substituted for each other on a one-to-one 
basis. However, the value of a pound of TDN from forage is often less 
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than the value of a pound of TDN from grain. Cow ability was also con­
founded with level of intake. The cows were fed to hold weight gain 
nearly constant over the lactation, except for weight gain near the 
end of the lactation due to fetal growth. 
Production function estimation procedures are useful as an 
analytical framework of thinking about the economics of milk produc­
tion. The estimates resulting are useful for the qualitative insights 
that they may provide. The great variation in these relationships among 
individual cows reduces the practical value of any one given estimate. 
In addition, the input-output relationships appear to change over time 
and are probably influenced by previous feeding levels. The elucida­
tion of input-output relationships that can be used to predict the milk 
response of individual cows to various feed inputs is the long-range 
goal of much dairy research. However, there are apparently no simple 
ways of obtaining such estimates. Practicing dairymen must still rely 
upon principles and rules of thumbs for primary decision-making aids 
(Reid, 111). 
The inadequacies of the estimates obtained in this study point to 
the need for larger experiments that include a number of factors. Ex­
periments designed to simultaneously measure the effects of previous 
feeding regimes, energy conversion to body fat, cow weight, age, ef­
fective temperature, and other relevant variables are needed. Such ex­
periments may require several years to conduct and perhaps utilize 
several thousand observations. Considerable planning would be neces­
sary. Careful selection of cows to obtain homogeneous experimental 
material within replications would be required. Such an approach would 
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yield predictions better adapted to economic applications, provide in­
formation on variable interactions, and allow the estimation of factor 
effects Relatively free from confounding. These approaches are needed 
to make greater use of the potential of the economic theory presently 
available. 
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SimiARY AND CONCLUSIONS 
The main purpose of this study was to test the hypothesis that a 
single equation production function for the dairy cow could be estimated 
by regression techniques in order to approximate the relationship between 
milk production and two categories of feed inputs. These were second-
cutting alfalfa hay and a concentrate mixture. The.empirical basis for 
the study was three dairy experiments cooperatively designed by a number 
of interdisciplinary scientists. Two of the experiments were conducted 
at Iowa State University (ISUl and ISU2), and the third was conducted at 
Kansas State University (KSU). 
The experiments were carried out during the first half of the 
lactation. From the third through the ninth week after calving, the time 
designated as the preliminary period, all cows were ^  1ibitum fed a 
ration of seven parts hay and four parts concentrate. Experimental 
rations were fed during the following twelve weeks or longer. This 
twelve week period was divided into an initial four-week adjustment 
period followed by an eight-week experimental period. All three experi­
ments included experimental rations in which approximately 25, 45, or 65 
percent of the estimated net energy (ENE) was supplied by a concentrate 
mixture. In addition the ISUl and ISU2 experiments fed a ration that 
supplied 85 percent of the energy from grain while the KSU experiment 
utilized an all hay ration. Throughout the 12-week experimental period, 
cows not ^  1 ib itum fed received one ration at a preas signed declining 
level of intake. The design provided for good coverage of the relevant 
range of intakes, for the three rations lowest in percentage of grain. 
However, observations were absent or sparse for the higher levels of in­
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take for the two rations highest in grain. 
Energy levels of the concentrate portion of the ration ranged from 
79.0 to 80.5 megacalories estimated net energy per 100 pounds of grain 
dry matter and estimates of crude protein ranged from 16.6 to 20.5 per­
cent. Energy estimates for the alfalfa hay ranged from 4l to 45 mega­
calories of ENE per 100 pounds of dry matter. 
The majority of cows used in the experiments were medium to low in 
productivity. A few cows of higher ability were included in the KSU 
experiment. Observations on 165 lactations of 122 cows were used in 
the study. All of the cows were Holstein with the exception of nine 
Brown Swiss that were included in the ISU2 experiment. 
Plots of raw data comparing FCM output and feed energy intake for 
the eight-week experimental period indicated that a wide range of FCM 
response occurred for cows receiving similar levels of intake. This 
observation was consistent with ANOV analyses by other researchers on 
the individual studies that indicated that few of the FCM production 
differences associated with treatments were significant. 
Examination of averages for the averages for the preliminary period 
indicated that the differences in whole milk production among the three 
groups of Holstein cows were not significantly (P < .05) different. 
However, the KSU Holsteins produced significantly (P < .05) more butter-
fat than the ISU2 Holsteins and consumed significantly (P < .05) more 
feed than the ISUl cows. 
During the eight-week experimental period, the ISU2 Holstein cows 
appeared to produce more whole milk than the other two groups of 
Holsteins. Average butterfat produced by the cows in order of increas­
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ing production was ISU2 Holsteins, ISUl, and KSU. The average ENE in­
take for the KSU experiment was approximately one megacalorie higher 
than that of the ISUl and ISU2 groups. 
On the average, cows produced approximately 50 pounds of FCM per 
day during the experimental period and 39.5 pounds of FCM during the 
eight-week experimental period. Average feed intake during the pre­
liminary period and eight-week experimental period was respectively 
24.3 and 19.5 megacalories of ENE per day. Average percent concen­
trates in the ration during the experimental period was 37 percent. 
Levels of feeding were specified in terms of weekly production 
needed each week of the lactation in order to produce from 7,000 to 
13,000 pounds FCM during a 243-day lactation. For the twenty-four 
Iowa State Holstein groups, five of the eight assigned groups exceeded 
their experimental eight-week production goal for the 9,000 pound level 
of feeding, one of eight exceeded their 11,000 pound goal, and none 
reached the 13,000 pound goal. For the KSU cows, all three assigned 
groups surpassed their 7,000 pound goal, two of three exceeded the 10,000 
pound goal, but neither of the two assigned groups reached the 13,000 
pound production goal. 
For the 45 and 85 percent grain energy rations fed the ISU2 
Holsteins, the overall FCM production average of cows receiving the 
13,000 pound level of feeding was less than those cows receiving 11,000 
pound level. In the KSU experiment, cows receiving the 7,000 and 9,000 
pound level of feeding of the 65 percent grain energy ration produced 
about the same amount of FCM, and cows fed ^  libitum produced less FCM 
than those fed the 13,000 pound level of feeding for the same ration. 
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These inconsistencies in FCM response to feed input appeared to be 
primarily relate^ to the ability of the cows. Production during the 
preliminary period was used as the proxy for cow ability. 
Wide ranges of intake were apparent for cows receiving the same 
ration and level of feeding. It had not been possible to control intake 
as originally planned. Both average FCM output and energy intake tended 
to increase with increasing levels of grain in the ration. Because of 
the lack of the fixed treatments and because of correlations among in­
dependent variables, the data was less than ideal for regression anal­
ysis. 
Several hundred regressions were fit to the combined data from the 
three experiments and to various subsets of the data. FCM, whole milk, 
and butterfat production were the primary variables studied. Production 
during the preliminary period along with ENE intake in the alfalfa hay 
and concentrate feed were the major independent variables. 
Several auxiliary variables were also studied: age of cow, live-
weight, weight gain, and outdoor temperatures. Average ages of the three 
groups were similar. The KSU cows' average weight was higher than the 
other two groups of Holstein cows. Average weight losses were similar 
among all cows. The average outdoor temperature was highest for the 
Kansas State study and lowest for the ISU2 study which avoided feeding in 
the summer. 
For a given hay, grain, and milk price combination, computer itera­
tion techniques were utilized to locate ration combinations and levels 
of feeding for maximum profit. A synthesized estimate of average ad 
libitum intake was imposed upon the production surface to assure that 
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for the most part, only feasible ration combinations were considered. 
Regressions similar to those fit by Hoover et al. (61) were fit 
upon various eight-week data subsets. These equations contained linear 
and quadratic terms for hay and grain energy plus a number of auxiliary 
variables and interactions. The full data set of 165 observations and 
the reduced data set of 160 observations were fit to produce Equations 
860 and 964, respectively. The residual standard errors and R square 
values for these equations are summarized in Table 42 for comparison 
with other regressions to be discussed. The removal of five inefficient 
cows that had very high or quite low feed intakes greatly reduced the 
curvilinearity of the ration lines. Few of the t values for coefficients 
of these regressions were significant. 
When the restriction that all t values for coefficients of variables 
must be significant was imposed, regression equations with only linear 
terms for preliminary milk production and experimental feed intake re­
sulted. Typical were Equations 741 and 743 that are summarized in 
Table 42. 
In order to reduce the correlations between hay energy and grain 
energy, two variables, the sum of hay energy and grain energy (HE+GE) 
and the percent hay in the ration (%HE) were formed. Equations 730 and 
732 are resulting examples. For most simple FCM models, lower residual 
standard deviations were obtained by using these transformed energy 
variables. 
A regression model was proposed where the FCM production of each 
cow was extrapolated from the preliminary period to the eight-week 
experimental period according to the cow's age group. The amount of ENE 
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Table 42. Comparison of various regression equations on the combined 
data from three experiments 
Equa - No. inde­ t values sig- Residual 
Dependent tion pendent nificant at standard ? 
variable No. Type terms 5 percent deviation 
Recressions on 165 observations : 
FCM 860 Hoover 18 ho 4.13 .716 
. FCM 741 HE,GE 3 yes 4.35 .654 
FCM 730 HE4GE 3 yes 4.29 .665 
FCM- 701 deviation 9 yes 3.97 .723 
FCM 901 12 wk. time 19 no 4.77 .714 
FCM 981 log 3 yes 4.26 .676 
Regressions ; on 160 observations: 
FCM 864 Hoover 18 no 3.87 .730 
FCM 743 HE,GE 3 yes 4.00 .682 
FCM 732 HE+GE 3 yes 3.95 .690 
FCM 703 deviation 6 yes 3.84 .710 
FCM 983 log 3 yes 3.95 .697 
Milk 923 HE-tGE 3 yes 3.80 .764 
Fat 925 HE,GE 4 yes 0.18 .591 
required to produce this extrapolated production was subtracted from actual 
energy intake during the experimental period to form a variable for energy 
intake. These models allowed separate auxiliary variable interactions 
with energy above and below predicted requirements. Except for the ISUl 
and KSU data sets, these models resulted in lower residual standard 
errors than other models fit on FCM. Examples of these models appearing 
in Table 42 are Equations 701 and 703. 
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Time series equations on observations for each of the twelve ex­
perimental weeks were also fit. Instability of coefficients for the 
quadratic,terms for hay and grain energy persisted from data set to 
data set as had occurred with regressions fit upon the eight-week 
averages. Only this series of equations allowed the fitting of a large 
number of variables with significant t values. Equation 901 is an ex­
ample. The logic .of the time series approach was questioned. 
The logarithm of FCM production was regressed upon logarithm of 
energy intake above maintenance to obtain a curve with diminishing re­
turns of milk production to feed input. Residual standard deviations 
were similar to those of other simple models. Equations 981 and 983 
were examples of these equations. 
The most appealing milk production model estimated separate equa­
tions for whole milk and butterfat production. Examples are Equations 
923 and 925. The two production equations were multiplied by the 
appropriate factors as determined by milk price per cwt. and the butter-
fat price differential from 3.5 percent. The two products were added 
to form a value of product function that was utilized in profit maximiza­
tion. This approach allowed the prediction of the effect of higher 
grain intakes upon butterfat percentage and allowed direct assessment of 
the economic effects of the resulting butterfat percentages. 
The auxiliary variable for FCM production during the preliminary 
period was important in determining FCM output during the experimental 
period. Hay energy input; HE, tended to be a weak variable while grain 
energy, GE, was a strong variable usually having significant t values 
for its coefficient. The fitting of a quadratic term for HE or GE or 
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their interaction did not result in coefficients consistent in magnitude 
and significance. The ENE values assigned to hay may have overestimated 
its productive value for milk production by as much as 30 percent. 
While it is known that variables such as cow age, liveweight, and 
environmental temperatures do effect the milk production function, it ' 
was not possible to estimate the effects of these variables with pre­
cision. Often.the signs of coefficients for variables were opposite of 
that expected. 
For the eight-week experimental period, the profit maximizing ration 
was applicable only if a seven-part hay to a four-part concentrate ration 
was fed ^  libitum the first nine weeks of the lactation and was followed 
by the profit maximizing ration fed during the next four weeks. If pre­
cision of prediction could have been obtained for this simple situation, 
then the technique perhaps could be extended to longer periods. 
Numerous profit maximizing solutions occurred on the synthesized 
feed intake restriction. A predominance of higher concentrate rations 
was recommended. Even for linear isoquants and isoquants concave to 
the origin, lower hay prices usually resulted in profit maximizing rations 
that contained mixtures of hay and concentrates because solutions fell 
along the intake restriction. Profit maximizing estimates from the FCM 
equations recommended increasing levels of concentrates fed along the 
intake restriction line as milk prices were increased and when the prices 
were $60 per ton grain and $20 per ton hay. For the $60 pet ton grain 
and $30 per ton hay, increasing levels of the highest percent concentrate 
ration allowed were often recommended for FCM equations. 
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For models that combined milk and butterfat production, recommenda­
tions were similar to those for the FCM models for the $60 per ton grain 
and $20 per ton hay prices. For the $60 per ton grain and $30 per ton 
hay price, the milk and butterfat models recommended ^  libitum intakes 
of various high concentrate rations for all except the lowest milk prices. 
Even though these models indicated a depression of butterfat percentage 
with higher levels of grain feeding, higher levels of grain feeding 
were recommended for most price combinations studied. 
Because of the flatness of the production surfaces, estimated 
differences in profit between adjacent experimental rations were often 
small. Thus a wide area of economic indifference for ration combinations 
was usually present. For a given price combination, different equations 
indicated widely different rations as being optimum; however, profits 
predicted were fairly similar. 
Results suggest that the voluntary intake restriction plays as 
important a role in optimum ration determination as does the curvature 
of the isoquants of the production surface. The variation in recommenda­
tions from various equations point out the uncertainty inherent in 
attempts to pinpoint most profitable rations and levels of feeding. 
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TABLE 43. WEEKLY OBSERVATIONS FOR THE PRELIMINARY AND EXPER­
IMENTAL PERIODS FOR ISUl, ISU2 AND KSU 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
ISUl DATA: 
1 1 415.1 . 16.2 160.7 103.5 142.7 88.6 1439 553 
1 2 393.5 18.9 140.4 96.0 124.5 82.3 1397 588 
1 3 352.6 15.5 117.7 81.0 103.3 69.7 1360 616 
1 4 358.3 15.t 140.1 92.5 123.3 79.9 1321 577 
1 5 326.8 13.4 139.5 83.0 124.7 73.0 1275 605 
1 6 344.6 16.2 160.9 95.5 143.3 83.8 1263 560 
1 7 358.4 14.4 166.1 104.6 144.6 90.6 1278 614 
I 8 311.0 11.8 169.7 49.3 147.5 42.8 1223 622 
1 9 243.6 9.0 164.4 34.5 141.5 30.1 1182 619 
1 10 252.4 9.1 157.2 33.0 135.3 28.8 1178 555 
1 11 243.2 7.3, ' 175.8 37.0 162.4 32.9 1188 571 
1 12 241.1 7.7 191.7 39.7 177.0 35.3 1209 607 
1 13 202.7 7.1 164.8 32.1 151.3 28.9 1201 659 
I 14 196.8 5.9 217.0 42.0 199.2 37.8 1193 545 
1 15 179.3 5.4 171.0 32.4 157.0 29.1 1218 547 
1 16 214.6 7.1 250.0 48.0 229.5 43.1 1248 541 
1 17 222.0 6.9 263.6 51-1 242.0 45.8 1284 586 
1 18 224.1 7.4 . 283.8 54.6 260.5 48.9 1304 521 
I 19 234.7 7.5 293.2 55.5 269.1 49.7 1318 533 
I 20 220.0 7.5 273.0 51.1 250.6 45.8 1299 578 
I 21 209.1 6.5 282.3 • 53.0 259.1 47.2 1292 410 
I 22 219.7 6.8 282.6 52.9 259.4 47.1 1314 459 
1 23 212.2 7.0 283.3 53.0 260.0 47.1 1325 345 
1 24 206.1 7.2 288.9 53.8 265.2 47.5 1327 481 
1 25 219.7 6.8 289.7 54.5 265.9 48. 1 1331 324 
1 26 214.9 7.1 288.6 54.0 264.9 47.7 1335 285 
1 27 212.2 7.2 288.4 53.9 264.7 47.6 1340 307 
1 28 187.2 5.6 279.6 52.0 256.6 45.9 1357 300 
1 29 176.1 5.8 275.2 51.3 252.6 45.2 1388 220 
1 30 159.6 5.6 274.8 51.3 252.2 45.2 1387 290 
1. 31 158.6 5.4 263.0 48.9 241.4 43.1 1373 279 
1 32 173.9 5.4 260.6 49.0 239.2 43.2 1375 194 
1 33 130.8 4.3 236.2 44.3 216.8 39.1 1377 179 
2 1 381.8 13.0 132.5 97.5 117.6 83.5 1237 583 
2 2 355.3 12.1 123.3 83.0 108.4 71.4 1220 613 
2 3 352.4 12.0 143.5 83.0 126.0 71.5 1204 575 
2 4 353.3 11.3 121.8 83.5 108.6 73.2 1193 605 
2 5 370.2 12.2 178.4 102.0 159.5 89.7 1193 568 
2 6 383.2 11.5 208.2 119.0 182.0 103.3 1193 592 
2 7 324.3 10.1 176.4 112.4 153.6 97.4 1193 623 
2 8 299.7 9.9 182.3 56.6 157.2 49.3 1166 633 
2 9 277.3 8.3 208.4 38.5 179.4 33*6 1144 555 
2 10 233.5 8.4 182.5 34.9 165.3 30.8 1132 576 
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TABLE 43. (CONTINUED) 
^0 WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
2 11 237.9 8.1 223.7 42.4 206.7 37.7 1143 585 
2 12 222.9 6.7 228.5 44.7 209.9 40.1 1172 652 
2 13 209.4 6.3 194.0 40.7 178.1 36.6 1173 572 
2 14 239.2 7.4 267.0 50.4 245.1 45.3 1175 548 
2 15 266.0 8.5 279.1 52.5 256.2 47.2 1222 554 
2 16 306.6 9.8 286.3 54.0 262.8 48.4 1252 569 
2 17 267.6 9.1 273.9 53.1 251.4 47.6 1258 568 
2 18 273.8 10.4 284.2 53.9 260.9 48.3 1259 490 
2 19 263.1 8.4 290.4 54.0 266.6 48o 4 1258 576 
2 20 253.5 8.6 270.2 51.1 248.0 45.5 1238 463 
2 21 214.5 8.6 275.3 52.3 252.7 46.5 1228 451 
2 22 247.4 7.9 264.1 49,6 242.4 44.1 1245 345 
2 23 207.8 8.3 241.9 46. 6 222.0 41.2 1250 452 
2 24 262.9 9.2 267.5 50.1 245.5 44.2 1248 389 
2 25 259.1 9.6 271.0 50.7 248.8 44.7 1262 259 
2 26 263.0 9.2 280.0 52.5 257.0 46.3 1273 336 
2 27 262.5 9.2 274.0 51.8 251.5 45.7 1257 260 
2 28 244.6 8.3 270.9 51.1 . 248.7 45.1 1256 275 
2 29 258.2 9.3 270.9 51.1 248.7 45.1 1274 272 
2 30 217.6 8.5 248.4 47.0 228.0 41.4 1276 279 
2 31 205.1 7.4 252.3 • 47.8 231.6 42.2 1272 238 
2 32 202.8 7.5 268.1 50.4 246.1 44.4 1260 146 
2 33 223.5 8.5 254.8 47.6 233.9 42.0 1252 213 
3 1 342.1 11.3 152.1 87.0 139.6 76.7 1034 271 
3 2 338.0 10.8 137.1 78.5 125.8 69.2 1024 226 
3 3 351.8 11.6 170.3 98.0 156.3 86.4 1037 155 
3 4 368.7 11.1 155.6 89.0 142-. 8 78.5 1043 196 
3 5 333.3 10.0 153.9 88.0 141.3 77.6 1027 248 
3 6 327.1 9.8 157.3 90.0 144.4 79.4 1029 331 
3 7 347.5 10.8 165.1 94.5 151.5 83.2 1049 348 
3 8 329.4 9.9 186.3 56.4 171.0 49.3 1043 351 
3 9 290.7 8.7 204.0 38.7 187.3 33.9 1040 278 
3 10 275.2 8.8 209.0 39.7 191.8 34.7 1048 250 
3 11 272.2 8.7 205.0 38.6 188.2 33.8 1046 252 
3 12 264.0 7.9 209.0 39.7 191.8 35.0 1037 336 
3 13 261.9 6.8 210.6 41.9 193.3 36.9 1030 296 
3 14 178.9 5.2 151.2 30.2 138.8 26.6 1024 369 
3 15 244.4 7.1 194.7 35=7 178.7 31.4 1019 453 
3 16 258.2 8.0 222.0 40.2 203.8 35.5 1014 484 
3 17 245.9 7.6 205.0 36.8 188.2 32.5 1009 480 
3 18 239.4 7.9 196.4 36.6 180.3 32.2 1000 389 
3 19 241.3 7.5 213.0 38.4 195.5 33.6 990 429 
3 20 247.1 7.4 223.0 40.4 204.7 35.4 994 518 
3 21 233.2 7.7 217.0 39.2 199.2 34.3 1000 519 
3 22 225.1 7.0 214.0 38.6 196.4 33.8 1010 491 
3 23 239.0 6.7 203.0 36.4 186.3 31.8 1007 504 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
3 
3 
3 
3 
3 
3 
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3 
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4 
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4 
4 
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5 
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5 
24 
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28 
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31 
32 
33 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
1 
2 
3 
222.7 
227.6 
215.5 
195.4 
163.4 
144.4 
156.4 
158.8 
151.1 
147.7 
478.9 
497.7 
469.9 
334.9 
331.7 
409.2 
427.2 
406.0 
372.2 
303.2 
303.4 
277.9 
286.6 
311.9 
313.5 
265.0 
268.3 
294.2 
303.5 
257-7 
258.6 
287.7 
309.2 
294.6 
284.9 
318.5 
281.3 
287.5 
285.6 
280.5 
283.0 
293.5' 
282.2 
336.1 
353.0 
374.9 
5.8 
5.9 
5.8 
5.1 
4.9 
4.2 
4.7 
4.6. 
4.4 
4.6 
18.2 
16.9 
16.9 
12.4 
9.6 
13.1 
14.1 
12.6 
10.4 
7.6 
8.5 
12.5 
8.6 
8.1  
9.7 
7.7 
7.8 
9.1 
9.4 
8.0 
7.5 
9.2 
10.2 
10.3 
9.1 
10.5 
8.7 
9.5 
9.7 
8.7 
9.9 
9.7 
9.6 
12.1 
12.0 
12.0 
213.0 
200.7 
177.0 
175.0 
161.0 
142.4 
173.0 
173.0 
187.0 
166.5 
182.9 
176.8 
142.1 
116.4 
100.0 
180.6 
184.3 
224.6 
238.5 
184.7 
197.2 
192.9 
230.2 
237.8 
216.6 
223.1 
220.3 
237.5 
252.0 
232.4 
243.6 
248.5 
245.7 
240.8 
240.8 
243.6 
237.1 
238.0 
238.0 
228.0 
228.2 
219.0 
216.0 
198.0 
212.8 
222.5 
38.4 
42.2 
34.3 
35.0 
35.4 
31.1 
32.5 
32.5 
35 = 3 
32.3 
126.0 
126.0 
110.8 
87.8 
70.0 
104.0 
112.9 
85.5 
58.6 
37.0 
39.6 
40.1 
45.0 
48.4 
45.8 
44.8 
46.3 
45.7 
47.5 
43.4 
46. 6 
47.6 
46.9 
45.5 
46.2 
45.5 
45.5 
44.8 
44.8 
43.1 
42.7 
41.0 
40.4 
114.0 
128.0 
127.5 
195.5 
184.2 
162.5 
160.6 
147.8 
130.7 
158.8 
158.8 
171.6 
152.8 
163.2 
155.8 
127.0 
105.1 
90.4 
163.4 
165.4 
199.4 
210.8 
162.2 
174.5 
172.5 
203.5 
207.1 
187.7 
192.0 
193.6 
219.4 
•232.2 
213.3 
223.6 
228.1 
225.5 
221.0 
221.0 
223.6 
217.6 
218.5 
218.5 
209.3 
209.5 
201.0 
198.3 
181.7 
195.3 
204.2 
33.6 
36.7 
29.8 
30.8 
31.3 
27.5 
28.8 
28.6 
30.8 
28.2 
110.4 
109.5 
96.4 
76.5 
61.1 
91.1 
97.9 
73.2 
50.3 
31.9 
34.4 
35.3 
39.3 
41.9 
39.8 
39.1 . 
40.6 
40.6 
42.4 
39.0 
41.9 
42.8 
42.1 
40.8 
41.4 
40.8 
40.7 
39.9 
39.9 
38.2 
37.7 
36.2 
35.7 
102.2 
114.7 
114.0 
993 
1001 
1006 
979 
961 
954 
972 
1000 
1002 
1004 
1117 
1109 
1058 
1013 
982 
986 
1021 
1011 
1002 
995 
979 
956 
964 
972 
949 
944 
965 
978 
988 
985 
989 
1008 
1024 
1038 
1039 
1035 
1027 
1013 
992 
993 
1002 
1000 
999 
1358 
1373 
1365 
595 
600 
639 
633 
646 
629 
591 
614 
575 
558 
379 
414 
408 
502 
502 
510 
579 
550 
606 
599 
591 
578 
580 
615 
626 
606 
566 
563 
628 
627 
564 
553 
523 
606 
487 
559 
536 
424 
400 
388 
475 
266 
325 
537 
510 
582 
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TABLE 43- (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
5 4 363.1 12.0 168.1 113-0 154.3 100.6 1352 437 
5 5 359.0 11.5 180.8 103.5 166.0 92.1 1326 463 
5 6 358.3 11.1 196.6 112.5 180.5 99.9 1322 344 
5 7 363.3 11.6 203.3 116.4 186.6 102.7 1339 460 
5 8 330.1 10.9 221.5 44.1 203.3 38.9 1332 324 
5 9 338.5 9.5 277.8 48.0 255.0 42.4 1326 285 
5 10 338.0 10.5 288.2 53.7 264.5 47.4 1323 307 
5 11 325.7 10.1 284.9 53.2 261.5 46.9 1326 300 
5 12 326.7 9.8 286.3 53.9 262.8 47.5 1334 220 
5 13 324.4 10.4 275.5 51.3 252.9 45.2 1329 290 
5 14 303.2 9.7 280.4 52.5 257.4 46.3 1322 279 
5 15 292.6 8.5 258.6 47.0 237.4 41.4 1315 194 
5 16 293.6 8.8 270.9 50.3 248.7 44.4 1311 179 
5 17 300.0 9.6 274.5 51.3 252.0 45.2 1311 177 
5 18 303.9 9.1 269.3 49.9 247.2 44.0 1311 281 
5 19 284.7 9.1 232.7 43.6 213.6 38.4 1311 338 
5 20 280.9 8.7 256.4 51.0 235.3 44.9 1326 341 
5 21 285.0 9.1 269.4 50.4 247.3 44.1 1334 351 
5 22 280.5 8.4 268.5 50.3 246.5 44.0 1326 278 
5 23 285.9 8.3 266.7 49.7 244.8 43.5 1328 250 
5 24 259.1 8.3 260.3 48.9 238.9 42.9 1337 252 
5 25 265.2 8.5 261-1 49.0 239.7 43.1 1340 336 
5 26 254.1 8.4 260-1 47.9 238.7 42.2 1342 296 
5 27 238.2 7.6 258-4 48.2 237.2 42.4 1352 369 
5 28 249.9 7-5 254-8 47.6 233.9 41.9 1350 453 
5 29 241.5 7.5 195.6 37.1 179-5 32.7 1333 484 
5 30 237.7 7-6 247.4 45.5 227.1 40.2 1342 480 
5 31 231.6 7-4 246.0 46.3 225-8 40.7 1362 389 
5 32 221.3 . 7-3 252.0 46.9 231-3 41.1 1371 429 
5 33 224.3 7-2 239.2 44-5 219.6 39.0 1379 518 
6 1 267.0 8-8 116.9 77.0 101.7 67.3 870 554 
6 2 267.1 10.7 132.6 79.5 122.5 70.6 869 572 
6 3 275.0 9-9 144.3 83.0 133.1 74.0 895 594 
6 4 243.1 9-0 128.6 77.5 118.0 69.7 911 657 
6 5 224.5 10-1 126.1 76.5 115.7 68.8 903 557 
6 6 227.9 8.2 139.8 80.0 128.3 71.9 904 546 
6 7 215.9 7-4 115.9 70.9 106-4 63.7 915 545 
6 8 221.9 8-2 199-0 51.0 182.7 45.7 917 586 
6 9 209.1 6.9 166-4 35.4 152-7 31.7 917 521 
6 10 165.0 7-6 153-0 28.8 140-4 25.8 906 533 
6 11 : 158.5 5-7 159-9 31.8 146-8 28.4 906 578 
6 12 165.0 6- 6 193-0 37-0 177-2 32-9 914 410 
6 13 180.9 7-4 206.2 40-4 189.3 36.0 921 459 
6 14 189.4 6.8 204.5 40.9 187.7 36.3 925 345 
6 15 186.2 6.7 204.4 38.8 187.6 34.2 923 481 
6 16 202.6 7.5 221.0 42. 1 202.9 37.2 922 324 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
6 17 213-3 8.3 203.8 39.7 187.1 35.0 922 285 
6 18 222.3 8.0 215.7 41.4 198.0 36.5 926 307 
6 19 205.7 7.6 170.3 34.9 156.3 30.8 931 300 
6 20 192-8 7.5 196.0 37.0 179.9 32.6 907 220 
6 21 192-1 7.1 193.0 36.3 177.2 32.0 888 290 
6 22 181.5 6.9 171.0 31.9 157.0 28.1 884 279 
6 23 169-7 6.1 195.0 36.5 179.0 32.2 896 194 
6 24 180-6 7.4 196.0 36.4 179.9 32.1 921 179 
6 25 194-2 6-8 195.0 36.6 179.0 32.3 906 177 
6 26 164.5 6-9 168.0 31.0 154.2 27.3 889 281 
6 27 157.4 6-0 191.0 36.4 175.3 32.1 908 338 
6 28 166.6 7-0 188.8 37.9 173-3 33.3 921 341 
6 29 184-3 7-0 201.0 38.2 184-5 33.4 924 351 
6 30 182.5 7-1 198.0 37.3 181-7 32.6 930 278 
6 31 171.1 7.2 192.3 38.3 176-5 33.5 936 250 
6 32 157.9 5.7 190.5 35.9 174.9 31.5 938 252 
6 33 169.7 6.3 200.0 37.4 183.6 32.9 941 336 
7 1 452.9 16.3 171.2 98.0 157.1 86.4 1347 184 
7 2 476.7 20.5 184.2 105.5 169.1 93.0 1298 197 
7 3 454.9 19.1 180.5 107.5 165.7 94.8 1277 328 
7 4 468.2 15.9 176.4 101.0 161.9 89.1 1258 328 
7 5 466.6 16.8 196.6 112.5 180.5 98.5 1247 392 
7 6 463.8 15.3 196.6 112.5 180.5 98.4 1252 304 
7 7 462.7 16.2 218.8 125.1 200.8 109.4 1274 224 
7 8 411.5 13.6 241.2 60 . 4 221.4 52.8 1265 259 
7 9 373.9 11.6 256.2 48.3 235.2 42.5 1251 329 
7 10 385.0 12.3 253.0 47.6 232.2 41.9 1223 330 
7 11 ; 325-9 10.1 249.9 46.9 229.4 41.3 1210 273 
7 12 331-6 10.6 251.3 47.6 230.7 41.9 1208 464 
7 13 327.4 9.8 247.1 46.2 226.8 40.7 1194 505 
7 14 334-2 10.7 249.2 46.9 228.7 41.4 1179 458 
7 15 306-8 9-5 245.7 46.2 225.5 40.7 1165 436 
7 16 266-6 8.8 243.6 45.5 223.6 39.9 1169 387 
7 17 242-7 8-5 245-0 46.2 224.9 40.5 1194 516 
7 18 264-7 8-2 241-5 45.5 221.7 39.8 1197 514 
7 19 272-2 8.7 240-1 44.8 220.4 39.2 1190 496 
7 20 258-8 8.8 238-0 44.8 218.5 39.2 1186 481 
7 21 242.7 8.5 237.3 45-2 217.8 39.5 1181 589 
7 22 277.8 8.9 236.6 44.1 217.2 38.4 1171 596 
7 23 248.9 7.7 234.5 44. 1 215.2 38.3 1156 626 
7 24 214.4 7.3 230.3 • 43-4 211.4 38.0 1138 630 
7 25 167.6 6.2 186.0 35.5 170.7 31.4 1114 636 
7 26 161.2 5.8 •174.7 36.5 160.4 32.3 1097 644 
7 27 188.9 6.8 222.5 42.1 204.2 37.3 1133 594 
7 28 194.7 7.0 224.7 42.0 206.3 37.1 1156 622 
7 29 194.0 7.0 224.7 42.0 206.3 36.6 1163 575 
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TABLE 43. (CONTINUED) 
iO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
7 30 205.2 7.2 219.1 41.3 201.1 36.0 1155 568 
7 31 200.4 6.8 217.0 40.6 199.2 35.4 1141 575 
7 32 177.5 6.2 222.6 42.0 204.3 36.6 1150 594 
7 33 160.4 4.8 213.5 39.9 196.0 34.8 1158 590 
8 1 400.4 15.2 136.1 86.0 124.9 75.9 1160 389 
8 2 397.8 14.3 153.9, 91.5 141.3 80.7 1116 259 
8 3 376.6 13.2 146.8 84.0 134.7 74.1 1107 336 
8 4 427.5 13.7 184.1 105.5 169.0 93.1 1107 260 
8 5 446.1 14.7 190.4 109.0 174.8 96.1 1128 275 
8 6 452.9 15.4 207.0 118.5 190.0 104.5 1134 272 
8 7 427.3 15.0 176.6 101.1 162.1 89.1 1128 279 
8 8 331.6 10.3 174.0 35.2 159.7 31.0 1105 226 
8 9 297.3 10.1 212.0 40.1 194.6 35.4 1089 155 
8 10 329.6 9.9 238.4 44.5 218.8 39.2 1086 196 
8 11 312.3 10.3 234.0 44.0 214.8 38.8 1090 248 
8 12 271.9 8.7 223.2 41.2 204.9 36.3 1100 331 
8 13 240.6 9.4 147.9 28.5 135.8 25.1 1067 348 
8 14 251.9 9.3 226.8 42.2 208.2 36.9 1035 360 
8 15 242.6 7.3 233.8 44.1 214.6 38.6 1054 287 
8 16 257.1 8.5 231.7 43.4 212.7 38.0 1064 237 
8 17 224.5 7.2 232.4 43.4 213.3 38.0 1059 250 
8 18 225.9 6.8 228.9 42.7 210.1 37.6 1060 337 
8 19 206.5 6.4 227.5 42.7 208.8 37.6 1063 310 
8 20 206.2 6.4 226.1 42.7 207.5 37.6 1066 322 
8 21 196.5 6.3 226.1 42.7 207.5 37.6 1064 457 
8 22 217.3 6.5 223.8 41.2 205.4 36.3 1050 503 
8 23 209.0 7.1 222.6 42.0 204.3 37.1 1042 472 
8 24 202.8 6.5 217.7 40.6 199.8 35.7 1038 399 
8 25 179.7 6.1 218.9 40.6 200.9 35.6 1036 413 
8 26 190.8 6.3 217.7 40.6 199.8 35.6 1038 520 
8 27 187.2 5.8 215.6 40. 6 197.9 35.5 1061 516 
8 28 187.7 6.0 212.8 39.9 195.3 34.9 1076 499 
8 29 174.6 6.1 211.2 37.8 193.9 33.1 1080 483 
8 30 157.1 5.2 206.6 39.0 189.6 34.1 1072 599 
8 31 160.8 4.0 173.5 33.6 159.3 29.2 1059 595 
8 32 165.5 5.3 190.9 35.9 175.2 31.2 1060 631 
8 33 170.1 5.6 199.8 37.4 183.4 32.8 1061 626 
9 1 295.4 11.8 116.0 78.5 101.0 68.0 1330 621 
9 2 291.7 10.8 121.7 87.0 105.4 75.6 1298 622 
9 3 246.1 6.9 106.2 83.0 91.4 72.4 1275 619 
9 4 293.7 8.5 122.4 70.0 107.6 61.4 1261 555 
9 5 300.4 9.0 139.5 90.5 128.9 80.4 1269 571 
9 6 299.8 9.9 157.7 94.5 145.3 84.4 1272 607 
9 7 256.9 11.6 165.5 94.9 151.9 85.3 1273 659 
9 8 249.9 10.0 192.0 46.2 176.2 41.5 1267 550 
9 9 258.3 8.0 213.0 42.4 195.5 38.1 1271 554 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
9 10 267.1 8.3 247.8 46.9 227.5 42.1 1298 534 
9 11 266.9 8.8 221.7 45.3 203.5 40.6 1311 586 
9 12 272.2 9.0 243.6 46.2 223.6 41.4 1315 509 
9 13 265.3 8.5 245.7 46.2 225.5 41.4 1314 546 
9 14 251.1 8.3 248.5 46.2 228.1 41.3 1311 564 
9 15 249.4 8.0 245.0 46.2 224.9 41.1 1304 403 
9 16 237.7 7.6 243-2 45.6 223.2 40.6 1297 435 
9 17 234.2 7.5 243.6 45.5 223.6 40.3 1290 362 
9 18 227.6 7.5 240.8 44.8 221.0 39.5 1285 486 
9 19 222.9 6.9 237.3 44.8 217.8 39.5 1281 293 
9 20 219.2 * 8.1 237.3 44.1 217.8 38.9 1301 307 
9 21 212.1 7.2 236.6 44.1 217.2 38.9 1317 292 
9 22 195.2 7.4 235.9 44.1 216.5 38.9 1322 276 
9 23 194.3 6.2 233.8 44.1 214.6 38.9 1327 237 
9 24 200.0 6.2 228.9 42-7 210.1 37-7 1332 291 
9 25 178.3 6.4 223-8 41-6 205.4 36-7 1341 280 . 
9 26 167.7 6.2 228-9 42-7 210.1 37-7 1348 184 
9 27 173.9 6.1 228-9 42-7 210.1 37.6 1343 189 
9 28 155.4 5.6 221-9 42-0 203.7 37.0 1346 167 
9 29 140.0 4.6 224.0 40-3 205.6 35.5 1359 301 
9 30 118.0 4.0 162.9 35-2 149.5 31.0 1348 338 
9 .31 93.1 3.0 162.9 34-3 149.5 30.1 1327 354 
9 32 120.6 4.0 221.9 41-3 203.7 36-1 1349 351 
9 33 114.4 3.9 212.7 39-9 195.2 34-9 1365 240 
10 1 449.6 18.9 192.4 110-0 176.6 97-1 1228 481 
10 2 472.4 15.1 207.2 118-5 190-2 104-6 1213 324 
10 3 492.1 18.7 214.2 122.5 196-6 108-1 1240 285 
10 4 516.8 18.1 233.1 125-1 214-0 110-4 1260 307 
10 5 510.6 15.3 211.4 121.0 194-0 106-8 1256 300 
10 6 483.0 16.4 209.8 112.2 192.6 98.9 1257 220 
10 7 496.4 15.4 226.3 129.5 207-7 114.2 1263 290 
10 8 460.0 13-8 233.1 107.1 . 214-0 94-4 1252 280 , 
10 9 442.4 13.7 234.5 107.8 215.2 95-1 1244 184 
10 10 435.7 17.0 231.0 106.4 212.0 93.8 1242 189 
10 11 423.4 14.8 228.2 105.0 209-5 92-6 1243 167 
10 12 407.4 11.4 228.9 97.5 210-1 86-0 1247 301 
10 13 381.5 12.6 205.6 94.9 188-7 83-7 1232 338 
10 14 383.4 11.9 217.5 94.3 199-6 83.0 1215 354 
10 15 394.2 12.6 216.0 102.9 198-3 90.0 1204 351 
10 16 402.4 13-7 , 221.9 102.2 203-7 89.4 1195 240 
10 17 380.5 13.7 222.6 102.2 204-3 89.4 1190 268 
10 18 368.8 11.8 219.1 100.8 201.1 88.4 1181 273 
10 19 354.9 11-7 217.0 100.1 199.2 88.1 1172 322 
10 20 348.3 11.5 215.6 99.4 197-9 87-5 1189 285 
10 21 335.2 9.7 214.9 98.7 197.3 86.9 1202 404 
10 22 336.8 10.1 214.9 98.7 197.3 86.9 1202 471 
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TABLE 43. (CONTINUED) • 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
10 23 336.2 10a 4 211.4 97.3 194.0 85.9 1197 458 
10 24 328.4 10.2 205.2 95.2 188.4 84.0 1190 475 
10 25 328.2 10.5 207.8 95.2 190.7 83.6 1192 394 
10 26 323.0 10.0 206.5 95.2 189.5 83.4 1195 436 
• 10 27 315.4 10.4 199.4 93.8 183.0 82.1 1199 516 
10 28 312.5 10.0 201.6 92.4 185.0 80.8 1197 520 
10 29 314.6 10.4 201.6 92.4 185.0 80.8 1186 480 
10 30 288.0 9.2 201.6 90.3 185.0 79.0 1183 534 
10 31 300.4 8.7 187.6 88.9 172.2 77.6 1184 590 
10 32 269.7 7 = 3 199.5 91.7 183.1 79.7 1189 606 
10 33 217.5 ' 6.3 169.7 80.5 155.8 70.0 1194 . 639 
11 1 367.6 12.5 160.7 92.0 147.5 81.1 1200 179 
11 2 387.3 15.1 184.9 106.0 169.7 93.5 1182 177 
11 3 339.1 13.9 135.6 77.0 124.5 67.9 1142 281 
11 4 350.8 13.0 157.3 90.0 144.4 79.4 1120 338 
11 5 322.2 11.6 179.1 102.5 164.4 90.2 1140 341 
11 6 325.6 11.4 176.7 101.0 162.2 88.4 1146 351 
11 7 337.7 11.5 176.9 101.5 162.4 88.8 1141 278 
11 8 367.0 12.5 209.0 94.4 191.8 82.6 1145 268 
11 9 337.5 9.8 190.1 92.0 174.5 80.6 1149 273 
11 10 348.1 10.8 203.0 94.2 186.3 83.0 1152 322 
11 .11 365.9 11.0 207.0 95.9 190.0 84.4 1152 285 
11 12 366.6 11.0 203.2 93.6 186.5 82.4 1149 404 
11 13 313.3 9.7 190.3 87.7 174.7 77.2 1135 471 
11 14 315.6 10.4 209.0 96.9 191.8 85.5 1121 458 
11 15 318.4 10.2 213.1 97.1 195.6 85.7 1116 475 
11 16 347.9 10.1 212.5 97.3 195.1 85.4 1111 . 394 
11 17 330.2 10.9 197.7 90.4 181.5 79.2 1108 436 
11 18 314.7 10.4 207.2 95.0 190.2 83.2 1105 516 
11 19 319.7 11.5 196.6 93.3 180.5 81.6 1103 520 
11 20 296.5 8.3 209.8 96.0 192.6 84.0 1105 480 
11 21 260.7 . 7.8 196.0 88.2 179.9 77.2 1107 534 
11 22 250.8 . 6.5 202.2 91.4 185.6 79.8 1106 590 . 
11 23 309.6 9.3 208.6 95.9 191.5 83.3 1106 606 
11 24 289.6 8.4 201.5 93.0 185.0 80.8 1108 639 
11 25 282.7 8.5 174.5 87.1 160.2 76.9 1078 630 
11 26 218.1 7.2 132.6 63.5 121.7 56.2 1050 653 
11 27 212.8 6.8 169.3 79.1 155.4 70.0 1069 614 
11 28 248.0 8.2 188.5 88.8 173.0 78.6 1087 606 
11 29 248.2 7.7 193.8 89.0 177.9 78.1 1103 608 
11 30 255.6 8.7 187.3 87.7 171.9 76.5 1114 565 
11 31 256.1 8.2 189.7 87.5 174.1 76.3 1124 563 
11 32 254.9 8.4 194.8 90.0 178.8 78.5 1114 594 
11 33 238.8 7.9 186.2 85.4 170.9 74.5 1108 574 
12 1 360.7 13»7 144.6 83.0 132.7 73.9 1140 426 
12 2 347.7 13.9 154.7 88.5 142.0 78.8 1068 385 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
12 3 359.7 11.5 178.9 104.5 164.2 92.3 1056 412 
12 4 314.4 10.7 108.5 62.0 99.6 54.7 1057 442 
12 5 381-3 12.2 184.5 105.5 169.4 93.1 1087 268 
12 6 383.8 11.9 208.5 119.5 191.4 105.5 1113 327 
12 7 408.6 13.5 223.3 127.8 205.0 112.8 1140 279 
12 8 394.1 13.8 226.1 104.3 207.5 92.0 1134 264 
12 9 391.0 13.7 227.5 104.3 208.8 92.0 1129 273 
12 10 368.1 11.4 223.3 102.9 205.0 90.7 1125 292 
12 11 396=9 14.7 221.2 101.5 203.0 89.5 1127 249 
12 12 343.9 12.4 221.9 102,2 203.7 90.1 1135 160 
12 13 349.0 12.2 218.4 100.1 200.5 88.3 1132 184 
12 14 303.1 9.1 178.9 86.7 164.2 76.4 1128 197 
12 15 315.9 10.1 211.5 97.0 194.1 85.5 1135 328 
12 16 312.4 10.0 214.2 98.7 196.6 87.0 1131 328 
12 17 320.7 10.9 215.6 98.7 197.9 86.4 1114 392 
12 18 312.6 9.7 211.4 97.3 194.0 85.1 1112 304 
12 19 290.6 9.6 210.0 96.6 192.8 84.5 1115 224 
12 20 275.4 8.0 208.6 95.9 191.5 83.9 1104 276 
12 21 266.3 8.8 207.9 95.9 190.8 84.4 1101 305 
12 22 274.8 8.8 207.8 95.8 190.7 84.4 1117 337 
12 23 273.4 9.3 203.8 95.6 187.1 84.2 1124 262 
12 24 270.9 8.4 199.5 90.2 183.1 79.4 1125 456 
12 25 262.5 8.4 200.4 92.4 183.9 81.5 1121 497 
12 26 267.3 9.1 199.5 91.7 183.1 80.9 1115 454 
12 27 251.2 7.8 197.4 91.0 181.2 80.2 1109 458 
12 28 245.2 7.6 192.5 88.8 176.7 77.8 1106 377 
12 29 245.7 8.1 193.7 89.6 177.8 78.5 1108 496 
12 30 250.2 8.0 186.7 86.0 171.4 75.2 1122 507 
12 31 221.0 7.5 187.0 86.0 171.6 75.2 1141 509 
12 32 211.3 7.2 190.0 87.2 174.4 76.3 1126 473 
12 33 194.0 5.8 182.7 84.0 167.7 73.5 1116 590 
13 1 384.7 12.7 178.2 102.0 163.6 91.7 1452 547 
13 2 446.6 13.4 204.6 117.0 187.8 105.2 1464 569 
13 3 450.1 16.2 204.5 117.0 187.7 104.9 1456 533 
13 4 476.9 16-2 206.3 120.5 189.4 108.0 1452 592 
13 5 461.9 15.7 219.4 125.5 201.4 112.5 1458 494 
13 6 452.9 15.4 245.0 140.0 224.9 125.5 1454 568 
13 7 446.1 13.8 209.4 128.6 192.2 114.4 1442 490 
13 8 421.1 13.9 219.1 100.8 201.1 89.7 1407 451 
13 9 410.2 11.5 219.7 100.8 201.7 89.7 1384 345 
13 10 417.3 12.5 217.0 99.4 199.2 87.7 1392 452 
13 11 406.7 12.6 214.2 98.7 196.6 87.1 1397 389 
13 12 406.5 12.6 214.9 98.7 197.3 87.1 1403 259 
13 13 394.6 13.0 212.1 97.3 194.7 85.9 1394 336 
13 14 387.3 11.6 213.5 98.0 196.0 86.5 1384 260 
13 15 397.6 13.5 210.0 96.6 192.8 85.2 1389 275 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
13 16 396.5 13.9 208.6 95.9 191.5 84.6 1386 272 
13 17 367.3 11.0 210.0 96.6 192.8 85.2 1372 279 
13 18 349.7 11.2 206.5 95.2 189.5 83.9 1377 238 
13 19 358.7 12.2 205.1 94.5 188.3 83.3 1389 146 
13 20 345.3 10.7 204.4 93.8 187.6 82.7 1379 213 
13 21 344.0 9.3 203.0 93.1 186.3 82.1 1369 210 
13 22 336.4 11.1 203.0 93.1 186.3 82.1 1360 324 
13 23 329.9 11.2 201.1 92.4 184.6 81.5 1363 349 
13 24 305.2 10.7 196.7 90.3 180.6 79.0 1377 371 
13 25 299.9 9.9 197.3 90.3 181.1 79.0 1361 298 
13 26 299.9 9.6 196.8 90.3 180.6 79.0 1343 228 
13 27 287.3 9.5 196.0 90.3 179.9 79.0 1348 259 
13 28 277.0 9.4 194.6 89.6 178.6 78.9 1353 329 
13 29 284.2 9.1 191.8 88.2 176.1 77.7 1355 330 
13 30 275.2 8.0 191.8 88.2 176.1 77.7 1353 273 
13 31 256.6 8.2 186.9 86.1 171.6 75.8 1351 464 
13 32 259.0 8.3 184.8 84.7 169.6 74.7 1358 505 
13 33 266.1 8.5 189.7 87.5 174.1 77.2 1364 458 
14 1 313.9 11.6 132.8 76.0 121.9 68.1 1000 537 
14 2 347.0 13.2 139.1 80.5 127.7 72.2 976 510 
14 3 . 350.0 11.9 151.2 86.5 138.8 77.4 983 582 
14 4 339.2 12.9 152.1 87.0 139.6 77.4 989 437 
14 5 311.5 10.3 153.7 88.0 141.1 78.3 993 463 
14 6 326.6 9.8 170.3 98.5 156.3 87.4 998 344 
14 7 323.8 11.0 163.5 97.1 . 150.1 85.7 1005 460 
14 8 314.7 10.7 190.0 88.0 174.4 77.7 1018 324 
14 9 323.7 10.7 184.9 87.7 169.7 77.4 1025 285 
14 10 309.3 10.5 181.9 83.2 167.0 . 73.4 1018 307 
14 11 316.9 11.1 191.6 88.2 175.9 77.8 1014 300 
14 12 305.1 11.0 192.5 88.2 176.7 77.8 1013 220 
14 13 306.7 10.1 189.0 . 86.8 173.5 76.5 1009 290 
14 14 279.4 9.2 170.4 78.0 156.4 68.8 1005 279 
14 15 276.8 9.4 181.2 83.2 166.3 73.4 1002 194 
14 16 281.9 9.6 186.3 85.5 171.0 , 75.4 996 179 
14 17 288.8 9.8 181.2 83.8 166.3 73.9 989 177 
14 18 268.2 9.1 167.5 76.8 153.7 67.7 990 281 
14 19 262.8 9.2 169.6 77.1 155.7 68.0 996 338 
14 20 268.2 9.4 181.1 83.2 166.2 73.2 994 341 
14 21 256.5 9.5 170.1 78.1 156.1 68.3 996 351 
14 22 258.5 9.3 178.8 82.3 164.1 , 72.0 1004 278 
14 23 231.0 8.3 168.6 76.5 154.8 66.9 1009 250 
14 24 244.5 8.3 173.5 79.7 159.3 69.9 1011 252 
14 25 235.6 8.5 •175.0 79.8 160.6 70.3 1018 336 
14 26 237.9 8.8 173.1 79.7 158.9 70.2 1025 296 
14 27 223.0 7.6 171.2 78.9 157.1 69.5 1039 369 
14 28 214.4 7.3 169.4 77.7 155.5 68.4 1047 453 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
14 29 227.6 7.5 168.4 77.4 154.6 68.3 1044 484 
14 30 217.2 7.6 164.1 75.4 150.6 66.6 1034 480 
14 31 202.5 7.1 162.5 74.6 149.2 65.5 1021 389 
14 32 197.3 7.1 167.3 77.0 153.6 67.5 1032 429 
14 33 194.7 7.2 157.7 73.0 144.8 63.9 1041 518 
15 1 286.1 14.6 132.9 76.0 122.0 67.0 916 273 
15 2 297.8 10.7 134.6 77.0 123.5 67.9 907 292 
15 3 300.4 10.5 131.9 75.5 121.1 66.6 902 249 
15 4 291.4 10.8 154.6 88.5 141.9 78.0 900 160 
15 5 311.8 10.9 143.0 81.5 131.3 71.9 907 184 
15 6 306.2 10.4 143.3 82.0 131.5 72.3 903 197 
15 7 301.4 9.6 153.9 87.5 141.3 77.1 891 328 
15 8 296.5 9.5 151.0 69.7 138.6 61.5 888 349 
15 9 286.4 8.9 162.0 74.1 148.7 64.9 888 371 
15 10 280.6 8.7 152.8 73.3 140.3 64.1 895 298 
15 11 278.8 9.2 176.5 81.3 162.0 71.1 894 228 
15 12 278.3 8.9 179.0 83.7 164.3 73.2 888 259 
15 13 259.3 8.3 153.0 75.5 140.4 66.4 889 329 
15 14 264.4 9.0 164.0 75.5 150.5 66.5 889 330 
15 15 219.2 7.0 132.2 60.5 121.3 53.3 880 273 
15 16 228.4 6. 6 147.1 68.1 135.0 60.0 877 464 
15 17 255.9 7.7 170.5 82.5 156.5 72.7 883 505 
15 18 252.2 8.3 172.8 79.8 158.6 70.4 882 458 
15 19 247.4 7.9 173.4 80.0 159.2 70.5 878 436 
15 20 258.1 8.5 176.4 81.2 161.9 71.2 884 387 
15 21 275.0 8.8 175.7 80.5 161.3 70.5 889 516 
15 22 264.3 8.2 175.7 80.5 161.3 70.4 ' 888 514 
15 23 258.7 8.0 172.9 79.8 158.7 69.8 884 496 
15 24 255.7 8.2 169.4 77.7 155.5 68.0 878 481 
15 25 231.9 8.1 169.4 77.7 155.5 68.0 875 589 
15 26 257.5 6.7 169.4 77.7 155.5 67.6 872 596 
15 27 245.6 7.1 153.0 75.6 140.4 65.7 868 626 
15 28 226.1 6.8 139.5 69.7 128.0 61.1 862 630 
15 29 192.6 5.6 135.7 66.2 124.6 58.6 855 636 
15 30 189.8 5.7 140.6 70.1 129.1 62.1 854 644 
15 31 199.6 6.0 143.5 67.2 131.7 59.5 856 594 
15 32 186.5 5.8 152.8 69.8 140.3 61.7 861 622 
15 33 181.0 5.6 143.0 40.7 131.3 35.5 866 575 
16 1 435.6 13.5 161.7 92.5 148.4 82.3 1216 369 
16 2 434.6 16.5 182.6 104.5 167.6 92.3 1175 432 
16 3 435.9 14.4 166.9 95.5 153.2 84.3 1162 408 
16 4 441.1 12.8 178.2 102.0 163.6 90.0 1161 270 
16 5 450.0 15.3 205.2 117.5 188.4 103.7 1192 330 
16 6 437.3 13.1 195.6 109.0 179.5 96.2 1196 276 
16 7 449.1 13.9 185.0 105.9 169.8 93.4 1178 264 16 8 408.5 15.1 181.3 83.3 166.4 73.5 1172 272 
280 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
16 9 383.8 11.9 182.0 84.0 167.1 74.1 1164 279 
16 10 357.2 11.8 179.2 82.6 164.5 72.8 1147 238 
16 11 346.8 10.4 177.8 81.9 163.2 72.2 1147 146 
16 12 359.4 11.5 179.9 81.9 165.1 72.2 1161 213 
16 13 338.3 9.8 175.0 80.5 160.6 71.0 1169 210 
16 14 344.4 10.0 177.1 81.2 162.6 71.6 1174 324 
16 15 336.6 10.1 174.3 80.5 160.0 71.0 1167 349 
16 16 319.0 9.9 172.9 79.8 158.7 69.9 1159 371 
16 17 300= 1 9.0 173.6 79.8 159.3 69.8 1149 298 
16 18 289.3 8.7 171.5 78.4 157.4 68.6 1144 228 
16 19 278.2 8.9 170.1 78.4 156.1 68.6 1142 259 
16 20 267.2 8.3 168.7 77.7 154.8 68.4 1151 329 
16 21 275.2 8.8 168.0 77.7 154.2 68.4 1155 330 
16 22 277.5 8.6 168.0 77.0 154.2 67.8 1145 273 
16 23 251.6 8.3 166.6 76.3 152:9 67.2 1141 464 
16 24 194.5 7.4 119.6 59.5 109.8 52.5 1141 505 
16 25 230.0 7.8 149.7 68.5 137.4 60.5 1132 458 
16 26 230.1 7.6 163.1 74.9 149.7 66. 0 1126 436 
16 27 239.3 7.2 161.0 74.2 147.8 65.0 1144 387 
16 28 218.9 7.0 161.0 74.2 147.8 65.0 1154 516 
16 29 197.0 6.3 156.8 81.8 143.9 71.6 1153 514 
16 30 192.8 5.8 155.4 71.4 142.6 62.5 1165 496 
16 31 175.8 6.0 153.3 70.7 140.7 61.9 1182 481 
16 32 144.8 3.9 157.5 72.1 144.6 63.1 1180 589 
16 33 133.8 4.0 151.2 69.3 138.8 60.3 1180 596 
17 1 405.4 15.4 163.3 93.5 149.9 82.4 1116 281 
17 2 432.9 15.6 176.4 101.0 161.9 89.1 1083 275 
17 3 414.4 14.9 194.6 111.5 178.6 98.3 1097 271 
17 4 351.8 12.3 165.1 94.5 151.5 83.3 1099 226 
17 5 377.8 11.7 181.7 104.0 166.8 91.7 1068 155 
17 6 412.4 13.2 204.5 117.0 187.7 103.2 1072 196 
17 7 401.5 13.7 204.2 116.8 187.4 103.0 1108 248 
17 8 354.3 11.7 176.4 81.2 161.9 71.6 1075 338 
17 9 331.8 11.3 177.1 81.2 162.6 71.5 1052 341 
17 10 323.6 10.7 174.3 80.5 ,.160.0 70.4 1052 351 
17 11 : 326.6 10.8 172.9 79.1 158.7 69.2 1049 278 
17 12 305.3 10.4 173.6 79.8 159.3 69.8 1044 250 
17 13 274.3 9.6 170.8 78.4 156.8 68.7 1049 252 
17 14 278.1 9.2 172.2 79.1 158.1 69.7 1053 336 
17 15 262.6 9.2 169.4 77.7 155.5 68.4 1043 296 
17 16 267.6 8.3 168.0 77.0 154.2 67.8 1036 369 
17 17 264.5 8.2 168.7 77.7 154.8 68.4 1034 453 
17 18 273.6 8.5 166.6 76.3 152.9 67.3 1031 484 
17 19 275.5 8.8 165.2 75.6 151.6 66.7 1027 480 
17 20 256.0 8.2 163.8 75.6 150.4 66.5 1004 389 
17 21 259.1 8.3 163.1 75.6 149.7 66.2 992 429 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
17 22 264.4 8.2 163.1 77.2 149.7 67.6 1010 518 
17 23 242.5 8.0 161.0 74.2 147.8 64.9 1018 519 
17 24 254.0 8.4 158.2 72.8 145.2 63.7 1018 491 
17 25 233.0 7.7 158.2 72.8 145.2 63.7 1013 504 
17 26 215.8 6.7 157.5 72.8 144.6 63.6 1008 595 
17 27 262.6 7.6 '157.5 72.1 144.6 62.7 1016 600 
17 28 238.1 7.6 154.0 70.7 141.4 61.4 1017 639 
17 29 236.4 7.1 154.0 70.7 141.4 62.3 1005 633 
17 30 197.3 6.3 149 = 8 69.3 137.5 61.3 1001 646 
17 31 169.7 5.6 148.4 68.6 136.2 60.7 1000 629 
17 32 178.8 6.6 152.6 70.0 140.1 62.0 1027 591 
17 33 183.5 6.6 145.6 67.2 133.6 59.1 1047 614 
18 1 333.9 12.7 164.4 94.0 150.9 83.2 951 412 
18 2 344.4 13.1 155.9 89.0 143.1 . 78.5 946 442 
18 3 369.3 11.1 164.3 94.0 150.8 83.0 953 268 
18 4 354.2 11.0 166.9 95.5 153.2 84.3 963 327 
18 5 351.6 11.6 178.9 102.5 164.2 90.5 980 279 
18 6 348.0 10.1 167.8 104.0 154.0 91.7 980 256 
18 7 373.3 11.2 184.9 105.9 169.7 93.4 964 277 
18 8 324.5 10.4 169.4 77.7 155.5 68.5 955 292 
18 9 307.3 8.9 170.1 78.4 156*1 69.1 948 249 
18 10 291.4 9.9 167.3 77.0 153.6 67.9 944 160 
18 11 . 294.6 10.3 165.2 76.3 151.6 67.3 949 184 
18 12 273.6 9.3 166.6 76.3 152.9 67.3 961 197 
18 13 280.9 8.7 163.1 74.9 149.7 66. 0 962 328 
18 14 255.1 7.4 165.2 75.6 151.6 66.7 961 . 328 
18 15 270.7 8.1 159.2 73.4 146.1 64.4 966 392 
18 16 256.8 9.0 162.4 74.9 149.1 65.5 964 304 
18 17 238.7 7.4 160.1 73.3 147.0 64.1 952 224 
18 18 224.6 6.5 158.9 73.5 145.9 64.3 942 276 
18 19 207.5 6.0 132.7 62.4 121.8 54. 8 933 305 
18 20 221.5 7.1 156.8 72.1 143.9 63.5 938 337 
18 21 211.4 7.2 155.6 72.1 142.8 63.5 941 262 
18 22 203.1 6.5 156.1 71.4 143.3 62.9 937 456 
18 23 214.5 7.1 150.8 71.4 138.4 62.9 928 497 
18 24 211.3 7.2 148.4 68.6 136.2 60.6 916 454 
18 25 . 206.0 7.0 151.2 69.3 138.8 61.1 913 458 
18 26 194.4 6.4 150.5 69.3 138.1 60.7 912 377 
18 27 194.4 6.2 149.1 68. 6 136.9 60.1 922 496 
18 28 190.9 6.1 147.0 67.2 134.9 58.8 926 507 
18 29 174.9 5.6 147.0 67.2 134.9 58.8 921 509 
18 30 163.5 5.4 142.8 65.8 131.1 57.6 934 473 
18 31 159.3 4.8 141.4 65.1 129.8 57.0 954 590 
18 32 169.8 5.1 145.6 66.5 133.6 57.9 958 587 
18 33 163.9 4.4 127.6 63.7 117.1 55.4 962 626 
19 1 : 394.1 13.4 185.5 106.0 162.6 92.4 1170 365 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
19 2 414.2 14.1 201.3 119.0 177.0 102.9 1151 355 
19 3 430.3 15.9 183.6 120.0 164.4 105.2 1138 361 
19 4 444.1 14.2 196.7 124.0 178.5 109.9 1130 336 
19 5 439.5 15.8 206.0 129.0 183.8 113.0 1134 379 
19 6 431.5 15.1 183.4 130.0 161.6 112.9 1128 414 
19 7 422.1 14.8 173.2 121.6 154.8 105.8 1113 408 
19 8 378.4 15.5 106.5 152.6 96.2 132.9 1082 493 
19 9 265.0 12.2 63.7 83.5 57.6 72.9 1063 513 
19 10 348.5 llo5 126.5 132.8 114.5 116.3 1072 512 
19 11 381.5 12.2 140.5 148.7 126.1 129.0 1085 591 
19 12 359.3 13.3 142.1 150.2 126.2 128.6 1101 550 
19 13 336.7 10.1 133.9 147.0 118.3 126.2 1081 606 
19 14 291.7 10.2 125.0 135.4 109.8 116.6 1058 599 
19 15 315.3 10.1 139.0 145.6 123.0 126.5 1065 591 
19 16 297.2 9.8 135.5 144.2 121.1 126.8 1065 578 
19 17 310.3 8.4 139.2 144.2 123.1 126.0 1055 580 
19 18 290.4 9.6 137.3 142.2 119.5 123.2 1056 615 
19 19 255.1 8.4 115.1 140.1 99.7 121.7 1061 626 
19 20 209.0 7.3 127.2 132.4 109.5 115.5 1040 606 
19 21 245.5 8.1 125.3 140.0 110.1 122.8 1030 566 
19 22 240.1 7.9 131.6 139.3 121.6 123.8 1046 563 
19 23 220.8 8.4 130.2 137.9 120.0 123.1 1052 628 
19 24 189.6 5.5 127.4 134.4 116.9 120.8 1051 627 
19 25 202.8 6.3 108.7 134.4 99.8 120.8 1069 564 
19 26 217.8 7.2 127.1 134.4 116.7 120.8 1089 553 
19 27 203.4 6.9 125.6 133.2 115.3 119.6 1110 523 
19 28 188.3 6.6 124.1 131.2 113.9 117.6 1131 606 
19 29 169.3 6.1 123.9 130.9 113.7 117.3 1149 487 
19 30 160.8 6.1 122.4 127.9 112.4 114.6 1152 559 
19 31 133.8 5.1 120.6 125.6 110.7 112.2 1149 536 
19 32 110.7 4.1 123.4 128.9 113.3 114.7 1152 424 
19 33 124.4 3.5 123.9 129.5 113.7 115.2 1155 400 
20 1 306.8 12.6 103.6 81.5 90.7 71.3 949 369 
20 2 296.9 9.5 136.7 85.0 119.9 74.1 927 365 
20 3 336.1 11.1 142.1 91.0 124.9 78.7 932 355 
20 4 357.4 13.6 146.3 92.0 131.0 80.7 935 361 
20 5 356.8 11.1 157.7 104.0 143.1 92.1 931 336 
20 6 388.5 13.6 163.7 105.0 146.1 92.0 935 379 
20 7 364.7 10.9 154.4 101.5 136.0 88.2 - 947 414 
20 8 381.9 12.6 121.7 146.3 108.7 127.3 942 415 
20 9 357.4 12.5 97.2 132.9 87.8 115.8 926 493 
20 10 277.9 8.6 78.1 81.6 70.6 71.2 880 513 
20 11 297.2 8.6 123.1 130.4 111.4 114.2 882 512 
20 12 335.6 9.4 132.7 140.0 119.1 121.4 922 591 
20 13 344.2 9.3 133.7 140.0 118.7 119.9 927 550 
20 14 340.3 10.9 118.6 135.1 104.8 116.0 927 606 
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NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
20 15 321.6 9.3 129.1 139.5 113.3 120. 1 927 599 
20 16 327.8 10.5 128.9 137.9 114.1 119.8 925 591 
20 17 314.3 9.1 132.3 137.9 118.3 121.3 921 578 
20 18 314.6 9.1 130.2 135.9 115.1 118.8 929 580 
20 19 323.8 10.7 129.0 134.6 112.3 116.6 942 615 
20 20 322.9 9.7 123.8 133.0 107.3 115.6 928 626 
20 21 280.5 9.8 109.3 130.9 94.1 114.2 919 606 
20 22 284.7 9.1 120.4 128.3 105.8 112.5 920 566 
20 23 291.6 9.6 123.9 130.9 114.5 116.3 933 563 
20 24 285.4 8.3 120.4 127.4 110.9 113.8 954 628 
20 25 266.0 ' 7.7 121.1 127.4 111.2 114.5 963 627 
20 26 286.5 8.9 120.4 127.4 110.5 114.5 970 564 
20 27 297.7 10.1 119.0 126.0 109.2 113.3 987 553 
20 28 263.0 8.4 115.5 123.9 106.0 111.2 1003 523 
20 29 266.3 8.8 115.5 123.9 106.0 111.1 1018 606 
20 30 220.1 6.6 115.5 120.4 106.0 107.9 1025 487 
20 31 203.8 6.5 106.8 98.7 98.0 88.5 1028 559 
20 32 254.3 9.4 117.6 122.5 107.9 109.5 1034 536 
20 33 239.1 7.4 111.3 116.2 102.2 103.4 1039 424 
21 1 214.4 7.7 85.6 64.5 76.8 56.9 1045 566 
21 2 237.6 8.8 115.8 68.5 107.0 60.9 1007 563 
21 . 3 , 234.1 9.6 110.0 65.0 101.2 58.2 1007 628 
21 4 179.4 5.9 132.0 75.5 121.2 67.9 1015 627 
21 5 234.4 8.2 142.4 81.5 130.7 73.3 1041 . 564 
21 6 240.0 7.9 163.4 93.5 150.0 84.1 1064 553 
21 7 271.1 8.7 172.0 98.4 157.9 88.3 1091 523 
21 8 287.1 8.6 142.1 149.8 130.4 134.3 1109 602 
21 9 287.4 9.2 137.7 149.8 126.4 134.3 1123 488 
21 10 288.5 9.8 141.4 147.7 129.8 132.4 1129 558 
21 11 288.6 9.8 136.8 145.6 125.6 129.8 1126 512 
21 12 317.5 10.5 140.0 146.3 128.5 130.2 1115 426 
21 13 317.5 10.8 . 137.9 144.2 126.6 128.3 1112 385 
21 14 319.7 11-2 139.3 145.6 127.9 128.8 1112 412 
21 15 319.2 9.9 137.2 142.8 125.9 126.0 1130 442 
21 16 305.6 10.7 135.8 141.4 124.7 124.8 1142 268 
21 17 312.1 10.3 136.5 142.1 125.3 125.4 1145 327 
21 18 269.3 10.5 133.7 140.0 122.7 123.5 1154 279 
21 19 269.0 9.4 133.0 138.6 122.1 122.2 1166 256 
21 20 260.8 8.6 131.6 137.9 120.8 121.6 1165 277 
21 21 251.0 7.8 131.6 137.2 120.8 121.0 1164 295 
21 22 245.6 8.6 130.9 136.5 120.2 120.4 1162 259 
21 23 230.1 7.6 129.5 135.1. 118.9 119.1 1153 176 
21 24 181.8 6.2 108.0 90.2 99.1 79.5 1137 152 
21 25 168.0 5.7 117.8 99.7 108.1 87.9 1137 209 
21 26 194.5 6.4 126.0 131.6 115.7 116.0 1140 325 
21 27 206.1 6*6 124.6 130.2 114.4 114.8 1152 305 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
21 28 190-3 6.1 122.5 128.1 112.4 112.3 1165 402 
21 29 190.6 6.1 122.5 128.1 112.4 112.1 1178 317 
21 30 187.5 6.2 118.3 123.3 108.6 107.9 1183 210 
21 31 168.9 5.4 117.6 122.5 107.9 107.2 1186 296 
21 32 161.4 4.7 120.6 126.0 110.7 110.8 1194 295 
21 33 163.4 5.4 117.1 122.2 107.5 107.6 1201 318 
22 1 405.3 14.6 182.9 111.0 161.8 96.7 1296 438 
22 2 402.5 16.5 189.1 124.0 166.6 107.7 1264 394 
22 3 406.6 19.1 177.9 118.0 160.1 102.7 1245 434 
22 4 371.1 16.7 150.2 112.0 135.6 97.6 1217 48 8 
22 5 323.6 ' 9.4 124.4 72.0 112.5 62.9 1162 507 
22 6 372.6 11.2 194.4 112.5 175.9 98.5 1160 535 
22 7 390.3 13.7 193i3 119.9 172.6 103.3 1203 572 
22 8 361.8 11.2 140.0 136.0 124.3 116.5 1193 583 
22 9 331.8 11.3 126.7 135.7 111.6 116.7 1181 613 
22 10 317.0 11.4 130.9 137.2 114.9 118.1 1161 575 
22 11 328.5 10.5 129.5 134.4 115.2 117.5 1150 605 
22 12 309.4 9.6 130.9 137.2 117.0 120.7 1145 568 
22 13 324.0 10.7 128.1 133.7 112.4 116.3 1148 592 
22 14 313.3 11.6 129.5 135.1 112.8 117.1 1148 623 
22 15 271.1 9.2 120.3 132.9 103.9 115.7 1126 633 
22 .16 222.8 8.0 110.6 129.4 95.2 112.9 1116 567 
22 17 239.3 8.6 121.0 126.6 108.5 111.6 1123 575 
22 18 282.6 9.9 123.1 130.1 113.7 115.6 1127 573 
22 19 272.7 9.8 122.4 129.4 112.6 115.9 1130 648 
22 20 229.7 7.8 109.7 126.7 100.7 113.9 1130 591 
22 21 251.6 8.3 121.1 128.1 111.2 115.2 1135 547 
22 22 293.5 9.1 120.8 127.8 110.9 114.9 1156 569 
22 23 278.5 8.9 118.7 125.7 109.0 112.8 1165 533 
22 24 267.9 9.1 116.9 123.9 107.3 111.1 1165 592 
22 25 249.0 7.7 117.2 123.8 107.6 111.0 1171 494 
22 26 268.2 8.6 118.2 123.1 108.5 110.3 1178 568 
22 27 256.4 . 9.5 117.6 122.5 107.9 109.2 1192 490 
22 28 247.3 8.4 117.6 122.5 107.9 109.0 1198 430 
22 29 234.0 8.9 112.0 117.2 102.8 104.3 1193 369 
22 30 221.4 8.2 112.3 117.2 103.1 103.7 1187 432 
22 31 208.5 7.1 112.1 117.0 102.9 103.3 1180 408 
22 32 205.5 7.4 112.7 117.6 103.4 103.8 1201 270 
22 33 196.8 6.9 109.2 114.1 100.2 100.7 1217 330 
23 1 372.6 12.3 186.9 111.5 164.0 97.0 1630 580 
23 2 355.1 12.8 146.4 104.5 127.5 90.5 1612 615 
23 3 350.1 10.5 140.5 95.9 121.3 83.5 1568 626 
23 4 312.7 9.7 122.4 78.0 105.3 68.0 1530 606 
23 5 319.0 13.4 137.5 87.6 123.3 77.2 1502 566 
23 6 363.6 13.1 142.3 89.0 131.5 79.1 1486 563 
23 7 353.4 14.2 159.2 96.7 146.4 86.6 1479 628 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
23 8 316.1 11.7 106.6 108.9 97.8 97.9 1473 611 
23 9 369.1 12.2 140.7 148.4 129.1 133.4 1474 555 
23 10 377.7 11.7 138.6 146.3 127.2 131.5 1494 566 
23 11 371.7 10.4 137.2 145.6 125.9 130.6 1496 526 
23 12 374.0 11.2 137.9 146.3 126.6 131.1 1485 602 
23 13 361.2 11.2 135.1 143.5 124.0 128.6 1492 488 
23 14 339.0 12.2 138.6 144.7 127.2 129.7 1498 558 
23 15 339.9 11.2 137.2 142.8 125.9 127.3 1484 512 
23 16 337.6 10.8 135,9 141 = 4 124,7 125.8 1475 426 
23 17 325.7 10.1 136.5 142.1 125.3 126.5 1474 385 
23 18 310.5 11.5 134.4 140.0 123.4 123.8 1464 412 
23 19 314.3 9.1 133.7 139.3 122.7 122.9 1450 442 
23 20 320.1 9.9 133.0 138.6 122.1 122.3 1465 268 
23 21 296.6 9.8 132.3 137.9 121.4 121.7 1476 327 
23 22 300.7 8.7 131.6 137.9 120.8 121.7 1473 279 
23 23 291.0 9.0 130.9 135.8 120.2 119.8 1475 256 
23 24 290.2 9.0 128.1 133.8 117.6 118.0 1482 277 
23 25 274.7 8.5 128.1 133.7 117.6 117.9 1491 295 
23 26 268.0 9.4 127.4 133.0 116.9 117.3 1499 259 
23 27 253.9 8.9 126.7 132.3 116.3 116.7 1506 176 
23 28 258.0 9.3- 126.7 132.3 116^3 116.6 ' 1511 152 
23 29 248.3 7.2 123.7 128.1 113.5 112.9 1511 209 
23 30 241.6 8.2 121.8 127.4 111.8 112.3 1517 325 
23 31 228.3 8.0 120.4 125.3 110.5 110.5 1525 305 
23 32 231.0 8.3 123.9 128.8 113.7 112.9 1525 402 
23 33 218.0 7.4 118.3 123.9 108.6 108.4 1525 317 
24 1 316.0 10.1 122.0 70.0 112.0 62.7 1047 521 
24 2 331.5 10.6 168.7 96.5 154.8 86.5 1029 533 
24 3 358.0 11.8 186.3 106.5 171.0 95.2 1033 578 
24 4 357.0 11.8 191.4 109.5 175.7 97.4 1021 410 
24 5 211.6 7.0 67.9 46.0 62.3 40.9 967 459 
24 6 244.3 7.8 157.5 83.0 144.6 73.6 949 345 
24 7 254.3 8.1 . 134.6 77.0 123.5 68.0 962 481 
24 8 290.8 9.3 123.3 129.6 113.2 114.4 962 293 
24 9 296.4 9.5 125.3 130.9 115.0 115.5 967 307 
24 10 296.2 9.2 123.2 128.8 113.1 113.7 981 292 
24 11 300.2 9.9 120.8 126.4 110.9 111.5 998 276 
24 12 300.4 10.2 122.5 128.1 112.4 113.0 1018 237 
24 13 308.3 11.4 120.4 125.3 110.5 110.5 1023 291 
24 14 297.3 9.2 121.8 126.7 111.8 111.7 1024 280 
24 15 300.0 9.0 119.7 124.6 .109.9 109.9 1015 184 
24 16 302.8 9.1 118.3 123.9 108.6 109.2 1015 189 
24 17 305.8 10.1 119.0 123.9 109.2 109.2 1027 167 
24 18 302.9 9-1 116.9 122.5 107.3 108.0 1029 301 
24 19 303.2 9.4 116.2 121.1 106.7 106.8 1027 338 
24 20 288.5 9.5 115.5 120.4 106.0 105.8 1004 354 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
24 21 284.2 9.1 114.8 119.7 105.4 104.7 992 351 
24 22 279.7 9.8 114.1 119.7 104.7 104.7 1007 240 
24 23 280.7 8.7 113.4 118.3 104.1 103.5 1017 268 
24 24 272.6 8.2 110.6 115.5 101.5 101.3 1024 273 
24 25 269.8 8.9 110.6 115.5 101.5 101.7 1016 322 
24 26 . 270.0 8.1 110.2 114.8 101.2 101.1 1006 285 
24 27 263.9 8.2 109.2 114.1 100.2 100.5 1005 404 
24 28 258.5 8.0 107.8 112.0 98.9 98.7 1004 471 
24 29 262.4 8.4 107.8 112.0 98.9 98.9 1004 458 
24 30 261.1 8.6 104.3 109.2 95.7 96.4 999 475 
24 31 254.6 8.9 102.9 107.8 94.5 94.6 994 394 
24 32 256.5 8.2 106.4 111.3 97.7 97.5 1007 436 
24 33 259.0 8.8 101.5 105.7 93.2 92.5 1017 516 
25 1 458.7 15.6 187.2 107.0 171.8 94.4 1189 475 
25 2 463.5 16.7 185.4 105.0 170.2 92.7 1188 266 
25 3 505.2 17.7 207 = 2 118.5 190®2 104.6 1203 325 
25 4 466.0 14.9 205.3 117.5 188.4 103.7 1211 281 
25 5 436.4 13-1 167.9 96.0 154.1 84.7 1204 256 
25 6 465.5 14.9 193.0 111.0 177.2 97.9 1204 267 
25 7 455.6 13.7 206.4 118.1 189.5 104.1 1213 291 
25 8 403.1 11.7 115.5 120.4 106.0 106.2 1168 259 
25 9 368.6 11.8 115.5 121.1 106.0 106.8 1126 176 
25 10 386.6 12.0 114.2 119.0 104.8 104.9 1094 152 
25 11 372.8 11.2 113.4 117.6 104.1 103.7 1082 209 
25 12 350.3 11.2 113.4 118.3 104.1 104.3 1086 325 
25 13 354.4 11.7 112.7 117.6 103.4 103.7 1080 305 
25 14 342.8 10.3 111.3 116.2 102.2 102.0 1073 402 
25 15 311.4 10.6 111.3 116.2 102.2 101.7 1074 317 
25 16 318.3 8.9 109.9 114.8 100.9 100.4 1074 210 
25 17 318.2 10.2 110.6 115.5 101.5 101.1 1071 296 
25 18 305.5 11.0 109.2 113.4 100.2 99.6 1077 295 
25 19 296.1 9.2 108.5 112.7 99.6 99.2 1087 318 
25 20 289.9 9.0 107.8 112.0 98.9 98.6 1078 289 
25 21 271.0 8.4 107.1 112.0 98.3 98.6 1078 421 
25 22 249.9 8.0 107.1 112.0 98.3 98.7 1099 485 
25 23 267.4 8.3 105.6 106.6 96.9 94.1 1093 449 
25 24 267.4 8.3 103.6 108.5 95.1 95.8 1066 489 
25 25 250.3 8.0 104.3 103.5 95.7 95.1 1060 374 
25 26 258.6 7.5 103.6 107.8 95.1 94.5 « 1056 467 
25 27 252.4 7.8 102.9 107.1 94.5 93.7 1049 516 
25 28 246.4 7.4 100.8 105.7 92.5 92.5 1048 518 
25 29 245.6 8.6 100.8 105.7 92.5 92.5 1052 467 
25 30 230.5 8.3 98.7 102.9 90.6 90.0 1055 577 
25 31 233.9 7.0 97.3 102.2 89.3 89.1 1057 589 
25 32 248.1 7.2 100.1 . 105.1 91.9 91.3 1058 621 
25 33 224.0 6.5 95.9 100.1 88.0 87.2 1060 630 
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TABLE 43. (CONTINUED) • 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
26 1 428.3 18.0 190.7 109.0 175.0 98.0 1197 553 
26 2 246.7 8.9 66.5 61.0 61.0 54.7 1176 523 
26 3 345.9 12.1 166.5 98.0 152.8 87.8 1191 606 
26 4 393.4 11.8 206.2 118.0 189.3 105.8 1204 487 
26 5 403.8 12.5 209.0 114.3 191.8 102.4 1213 559 
26 6 394.1 13.0 222.8 127.0 204.5 113.2 1209 536 
26 7 412.2 11.1 221.8 126.9 203.6 112.9 1195 424 
26 8 379.9 11.8 169.1 120.5 155.2 107.2 1172 385 
26 9 323.7 11.0 98.0 121.9 90.0 107.8 1151 412 
26 10 289.3 8.4 91.0 119.6 83.5 105.5 1135 442 
26 11 293.1 9.4 100.6 117.6 92.3 103.8 1127 268 
26 12 293.9 8.8 •113.4 118.3 104.1 104.4 1125 327 
26 13 288.3 9.5 111.3 116.2 102.2 102.5 1133 279 
26 14 290.3 9.6 112.7 117.6 103.4 103.7 1146 256 
26 15 311.2 10.6 111.3 116.2 102.2 102.5 1182 277 
26 16 300.6 9.9 110.6 114.8 101.5 101.2 1198 295 
26 17 302.2 10.9 110.6 115.5 101.5 101.8 1184 259 
26 18 278.1 8.9 109.2 113.4 100.2 100.0 1177 176 
26 19 288.4 9.5 108.5 112.7 99.6 99.4 1174 152 
26 20 286.9 8.9 107.8 112.0 98.9 98.8 1190 209 
26 21 267.3 8.3 107.1 112.0 98.3 98.8 1200 325 
26 22 277.6 8.6 107.1 111.3 98.3 98.1 1192 305 
26 23 268.9 8.6 105.7 110.6 97.0 97.0 1188 402 
26 24 256.4 7.7 105.7 110.6 97.0 96.8 1188 317 
26 25 237.2 7.6 102.1 106.4 93.7 93.1 1189 210 
26 26 224.8 7.2 103.6 107.8 95.1 . 94.3 1190 296 
26 27 219.7 6.8 102.9 107.1 94.5 94.1 1190 295 
26 28 221.5 7.1 100.8 105.7 92.5 93.1 1194 318 
26 29 206.2 7.0 100.8 105.7 92.5 93.1 1203 289 
26 30 202.6 6.7 98.7 102.9 90.6 90.6 1219 421 
26 31 205.3 7.0 97.3 102.2 89.3 90.1 1238 485 
26 32 199.7 6.6 100.8 105.0 92.5 92.7 1226 449 
26 33 164.2 5.4 95.9 100.1. 88.0 88.3 1218 489 
27 1 394.8 15.0 167.0 95.5 153.3 84.3 1073 307 
27 2 374.5 13.5 178.1 102.0 163.5 90.0 1071 292 
27 3 393.6 12.6 189.4 108.5 173.9 95.7 1067 276 
27 4 406.0 12.6 192.2 110.5 176.4 97.4 1064 237 
27 5 381.4 12.2 176.6 101.5 162.1 89.5 1061 , 291 
27 6 372.0 10.8 187.7 107.5 172.3 94.8 1070 280 
27 7 355.8 11.7 194.3 111.1 178.3 98.0 1093 184 
27 8 354.3 9.2 112.7 117.6 103.4 103.7 1047 161 
27 9 340.6 10.2 113.4 118.3 104.1 104.3 1016 185 
27 10 . 312.2 10.0 112.0 116.2 102.8 102.5 1024 327 
27 11 312.4 10.0 110.6 115.5 101.5 101.8 1022 318 
27 12 302.8 9.7 110.6 115.5 101.5 101.5 1014 381 
27 13 300.0 10.2 109,2 113.4 100.2 99.2 1016 336 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
27 14 296.4 9.2 109.9 114.8 100.9 100.4 1019 215 
27 15 293.6 10.0 108.5 113.4 99.6 99.2 1022 288 
27 16 275.9 9.4 107.1 112.0 98.3 98.3 1019 288 
27 17 280.7 8.7 107.8 112.7 98.9 99.2 1006 319 
27 18 265.1 8.2 106.4 112.0 97.7 98.6 1010 287 
27 19 268.0 9.4 105.7 109.9 97.0 96.8 1021 401 
27 20 274.3 8.8 105.0 109.2 96.4 96.2 1019 496 
27 21 253.4 8.6 105.8 109.5 97.1 96.7 1015 439 
27 22 257.8 8.5 104.3 108.6 95.7 95 = 9 1005 488 
27 23 251.2 8.3 101.7 107.4 93.4 94.2 1000 387 
27 24 272.2 8.7 100.8 107.1 92.5 93.9 998 444 
27 25 253.0 8.6 102.7 104.6 94.3 91.6 992 515 
27 26 232.5 7.9 100.1 105.0 91.9 91.9 990 525 
27 27 224.4 7.4 100.8 104.3 92.5 91.3 1018 468 
27 28 217.2 6. 5 98.7 102.9 90.6 90.0 1026 556 
27 29 215.1 6.0 98,7 102.9 90.6 89.8 1009 589 
27 30 206.8 6.2 95.9 100.1 88.0 87.0 1006 614 
27 31 207.8 5.6 . 95.2 99.4 87.4 86.4 1008 636 
27 32 190.1 5.7 98.0 102.2 90.0 90.5 1016 626 
27 33 175.2 5.6 93.1 97.3 85.5 86.1 1023 656 
28 • 1 428.0 20.1 166.0 101.5 152.4 89.8 1356 412 
28 2 467.7 17.3 187.2 107.0 171.8 94.4 1332 442 
28 3 444.8 16.9 163.6 93.5 150.2 82.5 1317 268 
28 4 510.0 21.4 198.4 113.5 182.1 100.2 1308 327 
28 5 492.1 18.2 195.7 112.0 179.6 98.8 1313 279 
28 6 502.5 18.6 206.3 118.0 189.4 104.1 1309 256 
28 7 465.1 13.5 187.3 107.2 171.9 94.5 1297 277 
28 8 471.8 15.1 80.9 190.5 74.3 168.0 1267 292 
28 9 484.9 15.5 65.1 207.2 59.8 182.7 1244 249 
28 10 426.7 16.2 64.4 204.4 59.1 180.2 1240 160 
28 11 462.8 14.8 63.7 201.6 58.5 177.8 1231 184 
28 12 . 461.1 16.6 63.7 202.3 58.5 178.4 1218 197 
28 13 422.8 13.1 62.3 199.5 57.2 175.9 1221 328 
28 14 429.5 12.9 63.0 200.9 57.8 177.1 1226 328 
28 15 416.9 14.6 62.3 198.1 57.2 173.7 1228 392 
28 16 385.6 13.1 61.6 196.0 56.5 171.5 1228 304 
28 17 387.5 12.4 61. 6 196.7 56.5 172.1 1224 224 
28 18 381.4 12.2 60.9 193.9 55.9 169.6 1224 276 
28 19 356.8 11.4 60.2 192.5 55.3 169.2 1227 305 
28 20 358.0 11.8 60.2 191.1 55.3 168.3 1231 337 
28 21 349.0 10.8 60.2 190.5 55.3 167.8 1230 262 
28 22 326.4 10.1 59.5 189.7 54.6 167.0 1217 456 
28 • 23 328.8 10.2 59.5 189.7 54.6 167.2 1214 497 
28 24 320.1 9.6 56.7 181.3 52.0 160.0 1218 454 
28 25 321.3 10.3 57.4 184.1 52.7 162.3 1213 458 
28 26 305.8 9.5 57.4 184*1 52.7 161.3 1208 377 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
28 27 306.1 9.8 56.7 181.3 52.0 158.9 1216 496 
28 28 300.5 9.6 56.0 178.5 51.4 156.2 1222 507 
28 29 289.8 9.0 56.0 178.5 51.4 156.2 1226 509 
28 30 289.5 8.7 54.6 173.7 • 50.1 152.0 1219 473 
28 31 277.1 8.6 53.9 171.5 49.5 150.0 1207 590 
28 32 272.7 8.2 55.3 176.4 50.8 153.6 1212 587 
28 33 251.9 7.3 52.5 168.0 48.2 146.0 1217 626 
29 1 439.2 16.7 203.5 116.5 186.8 102.8 1268 325 
29 2 437.5 16.2 194.8 111 = 5 178o8 98.4 1280 281 
29 3 420.5 14.3 187.8 107.5 172.4 94.8 1262 256 
29 4 427.8 14.1 196.4 112.5 180.3 99.2 1250 267 
29 5 426.3 1-^.5 199.2 114.0 182.8 100.5 1251 291 
29 6 392.0 14.1 198.2 113.5 181.9 100.1 1252 264 
29 7 395.4 12.3 220.8 126.4 202.7 111.5 1255 189 
29 8 397.2 12.7 85.3 189.3 78.3 166.9 1236 152 
29 9 413.0 13.2 64.4 204.4 59.1 180.2 1221 209 
29 10 395.8 • 11.5 63.0 200.9 57.8 177.1 1214 325 
29 11 372.3 12.3 62.3 198.8 57.2 175.3 1215 305 
29 12 382.4 11.1 62.3 199.5 57.2 175.1 1222 402 
29 13 370.0 12.6 61.6 196.7 56.5 172.1 1220 317 
29 14 356.9 10.7 62.3 198.1 57.2 173.3 1215 210 
29 15 357.2 11.8 61.6 194.6 56.5 170.3 1210 296 
29 16 341.8 11.6 60.9 193.2 55.9 169.7 1205 295 
29 17 348.7 10.8 60.9 193.9 55.9 170.7 1200 318 
29 18 321.4 10.3 60.2 191.1 55.3 168.3 1208 289 
29 19 306.5 9.8 59.5 189.7 54.6 167.0 1222 421 
29 20 316.4 9.5 58.8 188.3 54.0 165.9 1216 485 
29 21 323.9 10.7 58.8 187.6 54.0 165.6 1210 449 
29 22 331.6 10.6 58.8 186.5 54.0 164.6 1203 489 
29 23 311.7 10.3 58.1 184.8 53.3 161.9 1197 374 
29 24 326.1 9.8 58.1 184.8 53.3 161.9 1191 467 
29 25 316.0 9.8 55.3 178.3 50.8 156.0 1184 516 
29 26 289.6 9.0 56.7 180.1 52.0 157.6 1176 518 
29 27 289.5 9.0 56.0 179.3 51.4 156.9 1168 467 
29 28 293.1 8.5 55.3 175.7 50.8 153.7 1160 577 
29 29 275.8 8.0 55.3 175.7 50.8 153.1 1151 589 
29 30 264.5 6.6 53.2 170.8 48.8 148.4 1149 621 
29 31 257.1 7.2 52.5 168.7 48.2 147.0 1151 630 
29 32 238.7 6.2 54.6 173.6 50.1 153.7 1163 625 
29 33 234.7 6.8 51.8 165.2 47.5 146.2 1173 655 
30 1 270.1 8.9 121.0 80.5 107.8 70.3 1025 359 
30 2 327.6 10.5 127.5 90.0 115.7 79.7 1016 344 
30 3 346.9 11.8 150.2 95.0 134.6 83.5 1024 344 
30 4 363.7 13.1 142.6 95.0 125.6 62.5 1027 437 
30 5 352.9 12.0 134.2 95.0 119.5 82.6 1019 404 30 6 332.0 12.6 117.6 90.0 106.2 78.4 1004 511 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
30 7 306.1 9.8 112.4 70.9 101.6 61.8 982 475 
30 8 328.9 10.2 122.0 105.0 110.4 91.9 984 510 
30 9 356.3 10.3 74.9 150.1 67.4 130.6 991 579 
30 10 363.5 10.2 59.6 188.0 52.9 161.0 1006 550 
30 11 374.9 10.5 59.6 188.5 52.8 161.7 999 597 
30 12 318.4 8.3 44.1 132.3 38.7 113.9 975 617 
30 13 342.2 8.9 56.9 179.8 50.2 155.7 970 585 
30 14 317.6 8.9 58.8 173.6 52.6 152.7 969 585 
30 15 331.4 9.6 57.2 183.4 50.8 160.6 979 569 
30 16 318.2 8.9 55.1 181.3 48.0 157.1 984 621 
30 17 293.2 8.8 55.8 160.6 48.4 139.4 981 621 
30 18 241.0 8.2 54.8 152.5 47.2 133.0 966 611 
30 19 266.3 7.2 50.3 125.6 43.7 109.8 947 562 
30 20 145.4 4.2 61.9 65.2 57.2 57.9 946 567 
30 21 265.3 7.7 55.3 159.3 51.0 142.0 947 618 
30 22 225.4 6.3 48.8 120.7 44.8 108.5 952 647 
30 23 255.3 6.9 53.0 169.8 48.6 152.7 967 550 
30 24 281.7 7.9 50.8 169.3 46.6 152.2 992 554 
30 25 285.4 8.3 51.0 168.7 46.8 151.5 1006 534 
30 26 276.5 8.0 52.3 168.1 48.0 150.7 1016 586 
30 27 285.7 8.3 50.1 . 164.4 46.0 147.4 1023 509 
30 28 280.0 8.4 51.5 163.8 47.3 146.8 1032 546 
30 29 273.9 8.5 51.8 163.8 47.5 146.5 1041 564 
30 30 275.3 8.8 57.1 159.6 52.4 142.0 1039 403 
30 31 270.3 8.9 49.2 157.4 45.2 140.1 1033 435 
30 32 259.9 8.3 50.8 161.0 46.6 142.9 1033 362 
30 33 256.8 8.2 48.7 154.5 44.7 136.3 1033 ' 486 
31 1 451.1 17.6 191.3 109.0 175.6 96.1 1415 264 
31 2 481.8 18.8 190.3 108.5 174.7 95.7 1380 273 
31 3 470.6 19.3 211.2 121.0 193.9 106.7 1373 292 
31 4 462.9 17.6 205.7 116.6 188.8 102.8 1363 249 
31 5 474.3 16.6 203.4 112.5 186.7 99.2 1343 160 
31 6 479.4 16.8 211.4 121.0 194.0 106.7 1328 184 
31 7 456.7 16.5 199.7 114.2 183.3 100.7 1314 197 
31 8 461.8 15.7 79.8 175.1 73.2 154.4 1291 324 
31 9 452.6 16.3 59.5 187.6 54.6 165.4 1264 349 
31 10 445.1 13.8 58.1 184.8 53.3 161.9 1225 371 
31 11 453.3 14.5 57.4 182.7 52.7 159.8 1214 298 
31 12 418.0 14.2 57.4 183.4 52.7 160.5 1223 228 
31 13 400.7 12.4 56.7 180.6 52.0 158.0 1218 259 
31 14 379.4 12.5 57.4 182.0 52.7 160.1 1212 329 
31 15 387.0 12.4 56.7 179.2 52.0 157.8 1212 330 
31 16 363.1 12.0 56.0 177.8 51.4 156.6 1206 273 
31 17 347.8 11.5 56.0 178.5 51.4 157.2 1192 464 
31 18 346.9 11.1 55.3 176.4 50.8 155.5 1195 505 
31 19 346.1 11.4 54.6 175.0 50.1 154.5 1205 458 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
31 20 331.6 10.3 54.6 173.6 50.1 152.9 1196 436 
31 21 324.2 10.7 54.6 173.6 50.1 152.1 1188 387 
31 22 318.5 10.5 53.9 172.9 49.5 151.5 1179 516 
31 23 312.6 9.7 53.9 172.9 49.5 151.3 1179 514 
31 . 24 307.1 9.2 52.5 167.3 48.2 146.4 1185 496 
31 25 288.2 9.5 52.5 167.3 48-2 146.4 1176 481 
31 26 283.2 8.8 52.5 166.7 48.2 145.8 1167 589 
31 27 283.3 8.5 51.9 165.4 47.6 143.9 1170 596 
31 28 262.8 8.4 51.2 163.4 47 = 0 142.0 1170 626 
31 29 240.2 7.7 50.3 166.7 46.2 146.0 1167 630 
31 30 209.7 6.5 50.1 160.1 46.0 141.7 1177 636 
31 31 191.6 6.5 49.1 157.1 45.1 139.1 1194 644 
31 32 196.9 6.1 50.8 161.0 46.6 142.5 1204 594 
31 33 193.8 6.6 48.7 155.7 44.7 137.5 1212 622 
32 1 363.6 18,9 145.7 83.5 133.7 . 73.6 1087 290 
32 2 379.8 14.8 153.5 91.0 140.9 80.2 1061 279 
32 3 370.3 14.8 166.4 95.5 152.7 84.2 1047 194 
32 4 385.4 15.8 179.0 102.5 164.3 90.4 1041 179 
32 5 407.9 14.7 188.7 108.0 173.2 95.2 1053 177 
32 6 388.6 14.0 172,1 98.5 158.0 86.8 1056 281 
32 7 377.9 13.2 190.4 108.9 174.8 96.0 1050 338 
32 8 382.9 13.4 94-0 157.3 86.3 - 138.4 1027 354 
32 9 382.1 13.0 54.6 174.3 50.1 152.5 1006 351 
32 10 382.0 13.0 53-9 171.5 49.5 150.0 990 240 
32 11 362.1 12.3 53.2 169.4 48.8 148.2 987 268 
32 12 354.8 11.0 53.2 170.1 48.8 149.1 994 273 
32 13 346.0 10.8 52.5 167.3 48-2 147.3 1000 322 
32 14 342.2 12.3 53.2 168.7 48.8 148.6 1005 285 
32 15 340.7 10.9 52.5 165.9 48.2 146.1 1009 404 
32 16 319.6 9.6 51.8 164.5 47.5 144.9 1004 471 
32 17 306.5 9.8 51.8 165.2 47.5 145.8 985 458 
32 18 334.3 10.7 51.1 163.1 46.9 144.0 , 970 475 
32 19 309.4 10.2 50.4 161.7 46.3 142.0 957 394 
32 20 314.2 10.7 50.4 160.3 46.3 140.5 961 436 
32 21 323.8 11.0 50.4 159.6 46.3 139.7 964 516 
32 22 318.5 10.2 50,4 159.6 46.3 139.6 963 520 
32 23 300.7 9.9 49.3 156.5 45.3 136.9 963 480 
32 24 314.8 11.0 48.3 154.0 44.3 • 134.7 964 534 
32 25 299.5 9.6 48.7 155.0 44.7 135.4 958 590 
32 26 288.0 9.5 48.3 153.3 44.3 133.2 950 606 
32 27 276.6 9.7 47.6 151.9 43.7 132.0 941 639 
32 28 252.3 7.8 46.9 149.8 43.0 132.3 932 630 
32 29 246.4 7-9 46.9 149.8 43.0 132.6 923 653 
32 30 245.6 6.1 45.5 145.6 41.8 128.9 921 614 
32 31 240.7 7.7 44.8 143.5 41.1 127.0 . 922 606 
32 32 220.8 7.3 46.9 148.4 43.0 130.3 963 608 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
32 33 217.4 6.5 44.0 139.8 40.4 122.0 994 565 
33 1 288.7 12.4 124.8 77.5 109.3 67.8 965 399 
33 2 313.9 11.3 134.4 87.0 118.0 75.5 968 344 
33 3 322.7 11.6 152.1 91.0 133.7 78.7 955 340 
33 4 337.5 12.5 141.4 92.0 128.3 81.5 948 353 
33 5 329.9 10.9 151.7 101.0 137.7 89.5 959 322 
33 6 321.6 11.9 131,1 101.0 115.5 87.7 939 452 
33 7 249.3 8.2 78.9 63.0 69.5 54.7 891 387 
33 8 300.3 11.4 53.2 168.7 48.0 146.9 884 497 
33 9 262.8 10.0 41.7 129.0 37.7 112.4 871 466 
33 10 161.2 5.5 35.7 113.0 32.3 98.9 841 501 
33 11 280.5 8.4 48.1 151.6 43.5 132.7 842 575 
33 12 306.4 9.5 51.7 164.2 46.0 141.1 867 548 
33 13 289.8 8.4 38.6 144.5 34.3 123.8 879 589 
33 14 226.9 7.7 35.1 118.2 30.9 101.7 886 610 
33 15 262.8 7.6 49.1 152.7 43.1 131.5 885 573 
33 16 280.6 9.0 49.8 159.7 44.4 140.0 883 613 
33 17 280.6 9.0 50.3 159.9 45.0 140.6 881 562 
33 18 274.8 8.5 49.6 157.4 43.4 136.7 875 605 
33 19 269.7 7.8 48.9 156.7 42.6 135.8 868 619 
33 20 255.5 6.9 47.2 156.1 40.7 136.0 871 633 
33 21 235.4 8.0 47.7 152.9 41.1 133.4 881 555 
33 22 236.7 7.1 47.5 153.8 43.0 135.9 907 576 
33 23 247.8 8.2 46.8 152.1 43.2 135.1 919 585 
33 24 230.7 6.7 46.2 149.1 42.4 133.8 922 652 
33 25 233.8 6.8 46.2 149.0 42.4 134.0 936 572 
33 26 237.9 6.4 46.1 148.2 42.3 133.2 949 548 
33 27 231.7 6.7 45.4 146.7 41.7 131.9 949 554 
33 28 225.7 6.3 44.8 144. 9 41.1 129.9 954 569 
33 29 224.6 7.4 44.7 144.2 41.0 129.2 964 568 
33 30 236.5 6.4 * 44.5 143.5 40.8 128.6 948 490 
33 31 229.0 7.1 43.6 139.3 40.0 124.9 920 576 
33 32 229.9 10.8 44.8 143.5 41.1 127.8 936 468 
33 33 176.4 5.3 41.1 99.5 37.7 88.5 949 451 
34 1 371.9 17.1 142.4 81.5 130.7 73.0 1300 488 
34 2 445.8 15.6 195.8 112.0 179.7 100.4 1260 558 
34 3 455.2 15.9 180.1 103.0 165.3 91.8 1241 512 
34 4 491.8 17.2 215.9 123.5 198.2 109.9 1233 426 
34 5 568.8 20.5 231.6 132.0 212.6 117.5 1250 385 
34 6 571.8 20.0 238.7 136.5 219.1 120.6 1253 412 
34 7 594.2 19.6 234.9 134.3 215.6 118.5 1247 442 
34 8 494.5 18.3 89.7 157.6 82.3 139.1 1173 270 
34 9 444.3 15.1 50.4 161.0 46.3 142.1 1117 330 
34 10 399-3 11.2 49.7 158.9 45.6 140.2 1105 276 
34 11 396.5 11.9 49.0 156.8 45.0 138.3 1104 264 
34 12 376.7 12.8 49.7 157.5 45.6 138.9 1111 273 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
34 13 374.6 11.6 48.3 154.7 44.3 136.4 1107 292 
34 14 368.1 12.5 49.0 156.8 45.0 138.3 1102 249 
34 15 345.3 12.8 48.3 154.7 44.3 136.4 1102 160 
34 16 379.6 . 13.3 48.3 153.3 44.3 135.2 1096 184 
34 17 348.9 10.8 48.3 153.9 44.3 135.7 1084 197 
34 18 349=1 10.8 47.7 152.2 43.8 134.2 1085 328 
34 19 343.2 11.0 47.6 150.7 43.7 132.9 1093 328 
34 20 33 6.8 11.8 47.0 149.9 43.1 131.3 1092 392 
34 21 317.5 10.5 46.9 149.2 43.0 130.5 1091 304 
34 22 314.4 9.1 46.9 148.5 43.0 129.9 1087 224 
34 23 310.3 9.6 46.3 148.2 42.5 129.7 1085 276 
34 24 296.5 9.5 45.6 144.6 41.9 127.2 1083 305 
34 25 320.2 9.3 45.5 144.3 41.8 127.1 1082 337 
34 26 300.5 8.7 45.5 144.8 41.8 127.5 1081 262 
34 27 293.2 8.8 44.9 143.0 41.2 125.9 1086 456 
34 28 286.6 8.3 44.2 141.0 40.6 124.3 1087 497 
34 29 292.3 8.2 44.1 140.7 40.5 124.2 1082 454 
34 30 282.9 8.5 43.5 138.3 39.9 121.8 1079 458 
34 31 258.2 8.0 42.8 136.1 39.3 119.3 1077 377 
34 32 267.4 8.0 43.9 139.4 40.3 122.1 1072 496 
34 33 245.5 7.6 42.3 134.6 38.8 117.8 1069 507 
35 1 350.5 12.6 174.8 100.0 160.4 88.2 1334 259 
35 2 403.3 13.7 213.9 122.5 196.3 108.1 1304 336 
35 3 445.3 13.8 234.0 131.7 214.8 116.2 1296 260 
35 4 469.3 15.0 243.5 139.0 223.5 122.6 1292 275 
35 5 499.8 16.0 233.9 134.0 214.7 118.2 1296 272 
35 6 473.2 15.6 221.4 126.5 203.2 111.5 1296 279 
35 7 477.6 16.7 230.8 132.1 211.9 116.5 1293 238 
35 8 432.6 14.7 97.0 160.8 89.0 141.8 1252 155 
35 9 413.2 15.7 51.1 162.7 46.9 143.5 1222 196 
35 10 404.7 15.8 50.4 161.6 46.3 142.5 1220 248 
35 11 380.3 13.7 49.7 158.9 45.6 140.1 1196 331 
35 12 365.6 12.8 50.4 159.5 46.3 140.6 1154 348 
35 13 352.0 12.3 49.0 156.8 45.0 137.2 1144 360 
35 14 321.9 8.7 49.7 158.2 45.6 138.4 1139 287 
35 15 315.7 9.8 56.0 156.1 51.4 136.6 1138 237 
35 16 314.6 11.0 48.3 154.7 44.3 135.3 1131 250 
35 17 306.1 9.2 49.0 155.4 45.0 136.8 1119 337 
35 18 309.3 9.3 48.3 153.3 44.3 135.0 1119 310 
35 19 293.5 9.1 48.3 152.6 44.3 134.4 1124 322 
35 20 275.3 9.1 47.6 151.9 43.7 133.8 1131 457 
35 21 273.7 9.3 47.6 151.2 43.7 133.4 1136 503 
35 22 276.7 9.4 47.6 150.5 43.7 132.8 1136 472 
35 23 267.9 8.3 46.9 149.1 43.0 131.2 1125 399 
35 24 270.3 9.2 46.2 146.3 42.4 128.2 1105 413 
35 25 275.0 8.8 46.2 147.6 42.4 129.3 1103 520 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
35 26 250.3 8.0 46.2 146.3 42.4 128.0 1103 516 
35 27 215-2 7.1 45.5 144.9 41.8 126.8 1107 499 
35 28 217.1 6.5 44.8 142.8 41.1 124.9 1109 483 
35 29 225.5 6.3 44.8 142.8 41.1 124.9 1107 599 
35 30 211.7 7.6 44.1 139.3 40.5 121.1 1112 595 
35 31 196.1 5.9 43.4 137.9 39.8 119.8 1120 631 
35 32 194.8 7.0 44.1 141.4 40.5 124.2 1125 626 
35 33 173.1 5.7 42.7 135.8 39.2 120.2 1129 647 
36 1 272.4 8.7 109.0 70.0 95.7 60.3 1250 616 
36 2 304.9 12.8 148.3 88.5 130 = 5 76.4 1203 577 
36 3 311.5 11.2 147.7 93.0 132.0 81.8 1191 605 
36 4 332.7 11.0 164.1 99.8 146.2 87.6 1183 560 
36 5 297.1 8.9 143.4 91.0 124.9 78.9 1187 614 
36 6 247.7 9.4 109.3 67.1 95.0 58.2 1158 617 
36 7 207.8 6.7 117.7 69.1 101.3 60.3 1097 633 
36 8 291.2 9.9 80.9 124.0 69.6 108.2 1074 555 
36 9 265.5 7.7 49.0 157.2 45.3 139.7 1061 571 
36 10 279.1 7.8 48.3 156.1 44.6 138.9 1076 607 
36 11 276.2 9.4 47.6 158.2 43.7 142.2 1086 659 
36 12 276.1 8.3 48.3 154.7 44.3 139.1 1095 545 
36 13 279.9 8.4 46.9 152.6 43.0 137.2 1108 547 
36 14 250.5 7.0 48.5 153.3 44.5 137.8 1119 541 
36 15 257.7 8.0 46.9 151.9 43.0 136.1 1119 586 
36 16 260.2 8.6 46.2 150.5 42.4 134.9 1129 521 
36 17 259.5 9.1 46.2 150.5 42.4 134.9 1152 533 
36 18 231.6 8.1 46.9 147.8 43.0 132.3 1149 578 
36 19 255.4 8.7 46.1 147.8 42.3 131.5 1137 410 
36 20 257.2 7.7 45.6 146.9 41.9 130.7 1118 459 
36 21 259.3 7.5 46.1 146.2 42.3 129.9 1105 345 
36 22 258.8 8.8 45.5 145.0 41.8 128.0 1105 481 
36 23 255.5 8.7 45.3 143.8 41.6 126.9 1113 324 
36 24 239.4 8.4 44.2 141.5 40.6 124.9 1129 285 
36 25 246.7 7.9. 44.8 142.1 41.1 125.4 - 1123 307 
36 26 233.3 7.7 44.0 141.1 40.4 124.5 1114 300 
36 27 246.0 9.1 44.0 139.7 40.4 123.2 1111 220 
36 28 199.8 8.8 43.4 137.9 39.8 121.6 1112 290 
36 29 208.3 7.7 43.2 137.4 39.7 121.2 1120 279 
36 30 206.0 7.6 42.0 134.2 38.6 118.3 1122 194 
36 31 217.5 7.6 42.1 133.6 38.6 117.8 1122 179 
36 32 224.1 8.3 42.5 136.3 39.0 120.2 1119 177 
36 33 225.3 8.1 41.3 130.9 37.9 115.4 1118 281 
ISU2 DATA: -
37 1 415.4 15.0 208.5 120.0 179.1 104.4 1259 453 
37 2 425.4 13.6 216.5 127.0 186.0 110.5 1246 392 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
37 3 364.0 11.6 230.0 132.5 197.8 115.3 1219 381 
37 4 417.8 12.9 232.0 135.5 199.4 117.9 1237 301 
37 5 409.5 13.1 227.0 135.0 195.0 117.4 1215 226 
37 6 415.8 13.7 214.0 126.5 184.0 110.1 1204 304 
37 7 419.5 12.6 222.0 129.5 190.9 112.7 1228 215 
37 8 376.5 10.5 289.1 56.7 252.0 49.3 1195 202 
37 9 375.4 10.5 294.1 56.7 256.4 49.3 1223 252 
37 10 365.8 10.3 320.2 64.0 279.6 55.7 1257 270 
37 11 358.5 10=8 295.4 58.1 258.0 50.5 1235 227 
37 12 : 327.3 10.8 300.3 58.1 258.7 50.5 1204 71 
37 13 318.6 10.2 294.4 61.6 253.6 53.6 1203 223 
37 14 311.4 9.7 293.5 57.4 257.8 49.9 1188 135 
37 15 299.6 9.0 289.0 57.4 253.9 49.9 1230 220 
37 16 295.6 8.6 282.1 56.2 250.0 48.9 1174 290 
37 17 269.0 7.8 272.3 56.0 241.4 48.7 1187 257 
37 18 286.8 8.3 283.5 55.3 245.5 48.1 1175 251 
37 19 268.8 7.8 284.4 55.3 246.3 48.1 1162 279 
38 1 481.0 18.8 175.0 106.0 150.4 92.2 916 120 
38 2 456.3 16.4 179.5 107.0 154.4 93.1 911 181 
38 3 463.0 13.4 176.5 105.0 151.8 91.3 919 141 
38 4 442.2 9.7 181.5 105.0 156.0 91.3 935 193 
38 5 426.6 10.7 187.5 110.0 161.2 95.7 940 266 
38 6 389.1 10.9 177.0 102.5 152.1 89.2 865 294 
38 7 224.8 6.1 109.0 63.0 94.7 54.8 887 231 
38 8 268.9 7.0 193.1 47.0 170.9 40.9 859 286 
38 9 261.0 6.8 198.2 39.2 175.5 34.1 898 295 
38 10 263.7 7.1 213.1 42.0 183.9 36.5 882 353 
38 11 273.4 7.1 212.8 41.3 183.7 35.9 898 327 
38 12 282.7 6.8 227.2 44.8 197.5 39.0 913 345 
38 13 273.8 6.3 222.5 44.8 193.5 39.0 910 308 
38 14 259.2 5.7 197.1 41.3 178.3 35.9 884 355 
38 15 263.1 5.8 217.3 44.8 196.6 39.0 902 495 
38 16 263.1 6.0 204.8 40.3 182.2 35.1 908 517 
38 17 241.9 5.3 200.7 41.4 178.6 36.0 907 504 
38 18 235.3 5.2 188.6 36.9 164.3 32.1 892 479 
38 19 236.5 5.7 201.1 39.9 175.1 34.7 890 415 
39 1 386.7 13.5 195.0 112.0 167.8 97.4 1162 463 
39 2 415.1 13.3 209.0 123.5 180.0 107.4 1147 418 
39 3 430.7 13.3 223.5 129.0 192.2 112.2 1137 345 
39 4 437.8 12.7 225.0 130.0 193.6 113.1 1153 361 
39 5 432.7 12.5 216.0 125.5 185.8 109.2 1133 219 
39 6 432.5 13.0 205.0 118.0 176.2 102.7 1155 278 
39 7 427.2 12.4 214.0 123.0 184.1 107.0 1153 247 
39 8 389.2 11.3 233.8 57.6 201.1 50.1 1130 205 
39 9 380.1 11.4 239-4 46.2 205.9 40.2 1128 239 
39 10 348,3 10.4 233.5 45.5 201.3 39.6 1130 286 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
39 11 337.9 10.1 231.7 44.8 199.7 39.0 1145 229 
39 12 320-2 9.9 232.4 44.8 200.0 39.0 1097 120 
39 13 291.0 9.0 227.7 46.2 196.0 40.2 1123 181 
39 14 268.1 8.3 229.5 44.5 197.4 38.7 1129 141 
39 15 280.0 9.5 227.5 44.1 195.6 38.4 1121 193 
39 16 266.9 9.6 227.2 44,1 195.4 38.4 1114 266 
39 17 292.1 9.9 225.4 44.1 193.8 38.4 1125 294 
39 18 273.1 8.7 222.7 43.4 191.5 37.8 1099 231 
39 19 268.3 8.8 221.9 42.7 190.9 37.1 1076 286 
40 1 366.3 11.7 181.5 105.0 156.1 91.3 1701 164 
40 2 388.2 11.6 212.0 126.5 182.4 110.1 1660 178 
40 3 407.2 11.4 196.0 119.5 168.5 104.0 1615 263 
40 4 397.5 10.7 196.0 112.0 168.5 97.4 1612 299 
40 5 394.0 10.6 207.0 119.0 178.0 103.5 1597 222 
40 6 399.2 10.8 213.5 124.0 183.2 107.9 1601 288 
40 7 394.1 11.0 208.0 126.0 179.0 109.6 1649 279 
40 8 383.4 10.7 215.2 108.2 190.7 94.1 1594 368 
40 9 367.0 10.3 216.3 102.9 191.6 89.5 1576 330 
40 10 368.0 9.9 225.0 108.5 196.7 94.4 1589 334 
40 11 370.7 9.3 224.6 109.2 196.4 95.0 1636 308 
40 12 365.6 8.4 224.6 107.1 195.1 93.2 1573 350 
40 13 355.3 10.7 226.6 109.2 196.8 95.0 1598 488 
40 14 359.1 13.3 218.7 108.5 193.2 94.4 1629 503 
40 15 356.1 11.4 .218.7 108.5 193.2 94.4 1599 505 
40 16 355.7 9.3 227.1 109.1 195.3 94.9 1602 491 
40 17 349.8 8.4 224.5 108.6 193.1 94.5 1566 421 
40 18 359.0 8.3 218.0 106.6 188.7 92.7 1555 482 
40 19 334.1 8.0 219.3 105.8 189.9 92.0 1601 531 
41 1 423.6 14.8 201.5 119.0 173.4 103.5 1205 202 
41 2 431.9 14.7 203.0 124.0 174.7 107.9 1211 131 . 
41 3 409.5 16.0 140.0 116.0 120.3 100.9 1142 204 
41 4 415.4 18.3 175.5 105.0 151.0 91.3 1150 280 
41 5 402.6 15.3 182.0 105.0 156.7 91.3 1169 274 
41 6 413.4 13.2 195.0 112.0 167.7 97.4 1144 245 
41 7 407.1 13.0 195.0 112.0 167.7 97.4 1154 287 
41 8 390.0 12.5 195.8 94.5 169.6 82.2 1158 317 
41 9 382.0 11.8 200.2 95.2 173.5 82.8 1151 330 
41 10 373.0 11.2 197.4 93.8 169.8 81.6 1150 330 
41 11 371.6 11.1 194.6 92.4 167.3 80.4 1097 348 
41 12 369.4 11.4 196.0 93.1 ; 168.6 81.0 1115 311 
41 13 363.4 10.5 192.5 91.7 165.5 79.8 1079 375 
41 14 349.1 9.4 192.9 91.9 165.9 80.0 . 1104 502 
41 15 346.8 9.7 191.1 91.0 164.3 79.2 1100 519 
41 16 355.5 10.7 190.9 90.9 164.2 79*1 1118 505 
41 17 342.5 10.3 190.3 90.3 163.6 78.6 1019 467 
41 18 328.7 10.2 188.0 89.1 161.7 77.5 1146 424 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
41 19 335.2 9.7 186.4 88.3 160.3 76.8 1103 497 
42 I 345.7 14.5 97.0 67.5 83.4 58.7 1079 71 
42 2 353.6 13.8 141.5 82.0 121.7 71.3 1082 223 
42 3 396.4 14.7 183.5 115.0 157.8 100.0 1100 135 
42 4 401.8 14.1 178.0 106.0 153.2 92.2 1112 220 
42 5 417.0 15.0 190.5 111.0 164.0 96.6 1095 290 
42 6 400.8 14.8 193.5 112.0 166.5 97.4 1120 257 
42 7 401.5 13.6 193.5 112.0 166.5 97.4 1123 251 
42 8 340.2 10.2 171 = 5 81.2 147.5 70.6 1084 279 
42 9 326.5 9.8 172.2 81.9 148.1 71.3 1069 352 
42 10 306.1 9.2 170.1 80.5 146.3 70.0 1109 311 
42 11 298.7 9.3 168.0 79.8 144.5 69.4 1097 324 
42 12 308.5 9.9 170.8 80.5 146.9 70.0 1059 344 
42 13 298.2 9.5 165.9 79.1 142.7 68.8 1091 335 
42 14 264.1 8.4 165.9 79.1 142.7 68.8 1057 380 
42 15 288.8 8.7 164.9 78.9 141.8 68. 6 1086 512 
42 16 273.1 7.9 163.0 77.7 140.2 67.6 1095 520 
42 17 251.2 7.8 163.7 78.3 140.8 68.1 1090 507 
42 18 253.3 8.4 162.0 77.2 139.3 67.2 1062 448 
42 19 255.8 8.2 161.1 76.4 138.6 66.5 1072 430 
43 1 429.2 16.3 215.5 127.5 185.2 110.9 1243 268 
43 2 442.5 15.0 209.0 124.0 179.8 107.9 1170 193 
43 3 443.8 16.4 215.5 126.0 185.2 109.6 1166 87 
43 4 438.5 17.5 215.0 128.0 184.8 111.4 1203 224 
43 5 423.9 15.7 209.5 129.0 180.2 112.2 1174 139 
43 6 414.6 14.1 212.0 124.0 182.2 107.9 1220 229 
43 7 404.5 13.8 203.0 124.0 174.9 107.9 1182 295 
43 8 383.6 13.4 161.0 143.5 138.7 124.8 1181 251 
43 9 397-3 13.5 142.7 153.9 122.9 133.9 1139 267 
43 10 367.6 12.5 140.7 151.9 121.0 132.2 1156 258 
43 11 359.3 12.2 140.4 151.6 120.7 131.9 1126 380 
43 12 360.6 12.6 138.7 149.9 119.5 130.4 1123 298 
43 13 351.5 11.9 137.6 149.3 118.5 129.9 1173 330 
43 14 351.8 12.0 138.6 149.1 119.2 129.7 1167 333 
43 15 340.8 11.6 136.2 147.3 117.1 128.2 1184 341 
43 16 323.6 11.3 135.8 147.0 116.8 127.9 1145 409 
43 17 327.3 11.5 135.2 145.5 116.3 126.6 1154 521 
43 18 310.5 10.9 133.2 143.5 114.5 124.8 1155 512 
43 19 308.4 10.8 132.4 142.9 113.9 124.3 1163 507 
44 1 481.5 20.7 203.5 119.0 175.0 103.5 1367 164 
44 2 488.7 19.5 203.5 126.0 175.0 109.6 1310 178 
44 3 453.5 18.1 179.5 112.0 154.4 97.4 1270 263 
44 4 417.9 17.1 182.0 105.0 156.6 91.3 1278 299 
44 5 460.1 17.9 187.0 108.0 160.9 94.0 1288 222 
44 6 491.9 18.2 202.0 115.0 173.8 100.0 1245 288 
44 7 483.2 16.4 206.0 119.0 177.2 103.5 1294 279 
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44 8 461.1 14.8 130.2 140.7 111.9 122.4 1189 368 
44 9 436.7 13.5. 130.9 141.4 112.6 123.0 - 1200 330 
44 10 438.7 13.2 128.8 139.3 110.8 121.2 1210 334 
44 11 431.7 12.5 127.4 137.2 109.5 119.4 1228 308 
44 12 406.0 11.4 128.1 137.9 112.6 120.0 1187 350 
44 13 345.6 9.7 119.5 134.7 105.1 117.2 1211 488 
44 14 382.8 10.3 125.3 135.1 107.7 117.5 1224 503 
44 15 375.9 10.0 125.3 135.1 107.7 117.5 1185 505 
44 16 352.6 10.6 125.3 135.7 107.8 118.1 1203 491 
44 17 365.2 10.6 124.7 134.6 107.2 117.1 1183 421 
44 18 346.5 9.7 122.8 132.6 105.6 115.4 1195 482 
44 19 357.0 10.0 121.9 131.7 104.8 114.6 1190 531 
45 1 489.3 22.5 219.0 129.5 188.4 112.7 1473 365 
45 2 484.6 20.3 210.0 124.5 180.6 108.3 1468 234 
45 3 477.6 17.7 197.0 117.0 169.4 101.8 1460 256 
45 4 505.8 16.2 214.0 123.0 184.2 107.0 1493 251 
45 5 494.2 14.8 217.0 128.5 186.6 111.8 1458 218 
45 6 520.6 14.6 229.0 132.0 197.0 114.8 1446 247 
45 7 527.9 16.9 231.0 133.0 198.5 115.7 1390 270 
45 8 402.7 14.5 119.7 129.5 102.9 112.7 1356 236 
45 9 416.2 15.8 120.4 130.2 103.6 113.3 1351 151 
45 10 424.1 17.0 119.0 128.1 102.3 111.4 1332 141 
45 11 405.5 11.3 117.8 126.7 101.3 110.2 1320 164 
45 12 432.4 11.2 118.3 126.7 101.8 110.2 1332 178 
45 13 398.7 11.6 116.2 125.3 99.9 109.0 1327 263 
45 14 395.7 12.7 116.4 125.5 100.1 109.2 1305 299 
45 15 382.8 11.5 116.2 125.3 99.9 109.0 1304 222 
45 16 384.8 11.2 115.4 124.5 99.3 108.3 1331 288 
45 17 332.4 9.6 115.5 123.2 99.3 107.2 1302 279 
45 18 323.9 9.7 114.1 122.5 98.1 106.6 1298 368 
45 19 335.3 10.1 113.5 121.9 97.6 106.1 1287 330 
46 1 415.0 17.0 201.0 121.0 172.9 105.3 1230 301 
46 2 429.2 14.2 193.0 112.0 166.0 97.4 1183 226 
46 3 428.1 16.3 186.0 , 111.0 160.0 96.6 1167 304 
46 4 413.6 , 17.8 189.0 111.0 162.7 96.6 1182 215 
46 5 420.3 16.0 183.5 114.5 157.9 99.6 1177 202 
46 6 450.2 14.8 210.0 119.0 180.9 103.5 1135 252 
46 7 442.1 14.1 202.0 123.5 173.8 107.4 1205 270 
46 8 458.3 14.7 68.2 197.2 58.6 171.6 1089 227 
46 9 443.1 14.6 60.9 201.6 52.4 175.4 1092 71 
46 10 424.8 14.4 60.2 198.8 51.8 173.0 1105 223 
46 11 403.3 13.7 59.5 196.0 51.1 170.5 1115 135 
46 12 401.4 14.0 59.5 196.7 51.2 171.1 1150 220 
46 13 401.4 13.6 58.8 193.9 50.5 168.7 1131 290 
46 14 396.5 12.7 58.8 193.9 50.5 168.7 1117 257 
46 15 389.3 13.2 58.8 193,9 50.5 168.7 1121 251 
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46 
46 
46 
46 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
47 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
48 
49 
49 
49 
49 
16 
17 
18 
19 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1 
2 
3 
4 
362.4 
362.9 
327.2 
347.1 
336.4 
360.5 
402.1 
415.7 
343.7 
365.2 
375.5 
360.8 
383.6 
373.4 
373.4 
363.1 
362.1 
375.8 
351.8 
354.7 
346. 8 
339.9 
323.5 
427.0 
463.0 
453.0 
475.3 
464.0 
476.8 
457.7 
441.1 
401.1 
414.2 
374.9 
380.3 
386.0 
366.5 
349.4 
337.0 
355.2 
348.1 
326.1 
423.8 
466.5 
473.0 
499.1 
12.7 
12.3 
11.1 
11.8 
9.8 
10.4 
12.1 
13.3 
9.6 
8.4 
9.8 
10.1 
11.5 
12.3 
11.2 
10.2 
10.9 
11.6 
10.5 
10.6 
10.1 
9.9 
9.7 
13.7 
13.9 
12.7 
12.4 
13.0 
14.8 
13.7 
13.2 
11.2 
11.2 
10.9 
11.4 
12.0 
11.7 
10.5 
9-8. 
10.6 
10.8 
9.8 
15.3 
16.8 
16.1 
16.5 
58.1 
58.1 
57.4 
56.7 
204.8 
211.8 
117.5 
212.0 
228.0 
238.5 
243.5 
96.9 
56.0 
55.3 
54.6 
54.6 
53.9 
53.5 
53.2 
53.8 
53.2 
52.6 
51.9 
215.5 
221.5 
210.0 
217.0 
213.0 
222.0 
224.0 
67.1 
50.4 
49.7 
49.7 
50.4 
49.0 
49.0 
49.0 
49.0 
49.0 
48.3 
47.6 
182.2 
192.5 
194.5 
206.1 
190.4 
191.1 
188.3 
187.6 
116.9 
121.6 
121.4 
122.0 
131.5 
140.0 
140.0 
173.5 
183.4 
182.7 
179.2 
179.9 
177.1 
176.9 
175.7 
176.0 
175.0 
172.6 
171.0 
127.5 
129.0 
126.0 
126.0 
127.0 
129.0 
129.5 
150.6 
167.3 
165.9 
163.8 
164.5 
161.7 
161.7 
161.5 
160.3 
160.3 
158.2 
157.5 
106.9 
111.9 
112.9 
118.9 
49.9 
49.9 
49.4 
48.7 
176.0 
182.0 
101.0 
182.2 
196.2 
205.0 
209.4 
83.3 
48.2 
48.0 
47.4 
47.0 
46.3 
46.0 
45.8 
46.3 
45.7 
45.3 
44.6 
185.2 
190.2 
180.9 
186.8 
183.2 
191.0 
192.6 
57.7 
43.3 
42.7 
42.7 
43.4 
42.1 
42.1 
42.1 
42.1 
42.1 
41.6 
40.9 
160.2 
169.3 
171.0 
181.2 
165.6 
166.3 
163.8 
163.2 
101.7 
105.8 
105.6 
106.1 
114.4 
121.8 
121.8 
150.9 
159.6 
158.9 
155.9 
156.5 
154.1 
153.9 
152.9 
153.1 
152.3 
150.2 
148.8 
110.9 
112.2 
109.6 
109.6 
110.5 
112.2 
112.7 
131.0 
145.6 
144. 3 
142.5 
143. 1 
140.7 
140.7 
140.5 
139.5 
139.5 
137.6 
137.0 
94.3 
98.7 
99.6 
104.9 
1019 279 
1091 352 
1115 311 
1124 324 
1274 227 
1283 71 
1275 223 
1288 135 
1263 220 
1280 290 
1253 257 
1222 251 
1209 279 
1188 352 
1209 311 
1204 324 
1213 344 
1220 335 
1219 380 
1208 512 
1214 520 
1218 507 
1095 448 
1445 418 
1428 345 
1408 361 
1416 219 
1384 278 
1450 247 
1389 205 
1288 239 
1284 286 
1266 229 
1297 120 
1250 181 
1297 141 
1257 193 
1285 266 
1260 294 
1260 231 
1236 286 
1230 295 
1253 428 
1206 397 
1209 337 
1220 337 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
49 5 478.3 15.3 207.4 118.9 182.4 104.9 1210 331 
49 6 468.2 14.0 206.9 118.9 181.9 104.9 1177 270 
49 7 462.2 14.3 206.3 118.9 181.4 104.9 1220 255 
49 8 415.5 13.3 324.3 - 58.0 285.2 51.2 1212 260 
49 9 370.9 11.9 322.3 60.9 283.4 53.7 1188 242 
49 10 369.8 12.2 317.3 58.7 279.0 51.8 1217 287 
49 11 371.2 11.1 314.7 58.0 276.7 51.2 1172 310 
49 12 364.0 9.8 314.8 58.0 276.8 51.2 1187 204 
49 13 341.0 8.9 306.7 57.4 269.7 50.6 1162 172 
49 14 315.7 7.9 313.8 57.4 275.9 50.6 1183 286 
49 15 320.5 7.7 307.9 56.6 270.7 49.5 1196 214 
49 16 316.1 7.0 304.0 56.7 267.3 49.5 1252 189 
49 17 317.0 8.2 306.0 56.7 269.1 49.5 1207 172 
49 18 303.9 8.8 285.1 53.3 250.7 46.5 1287 98 
49 19 292.9 8.5 293.2 53.3 257.8 46.5 1173 106 
50 1 399.3 9.6 207.8 118.9 182.7 104.9 1212 454 
50 2 415.0 10.0 206.9 118.9 181.9 104.9 1227 428 
50 3 352.2 8.4 206.2 118.9 181.3 104.9 1194 397 
50 4 384.4 8.8 206.9 118.9 181.9 104.9 1206 337 
50 5 370.4 8.5 205.4 118.9 180.6 104.9 1205 337 
50 6 393.2 8.6 207.7 118.9 182.6 104.9 ' 1233 331 
50 7 388.5 10.1 206.4 118.9 181.5 104.9 1243 270 
50 8 350.8 10.2 299.9 53.2 263.7 46.9 1228 255 
50 9 351.5 10.9 309.3 51.7 272.0 45.6 1230 260 
50 10 324.1 10.7 282.5 52.5 248.4 46.3 1192 242 
50 11 323.9 9.4 279.3 51.7 245.6 45.6 1178 287 
50 12 273.3 7.1 281.8 51.7 247.8 45.6 1202 310 
50 13 314.2 9.1 274.9 51.0 241.7 45.0 1190 204 
50 14 275.5 8.8 275.7 51.7 242.4 45.6 1187 172 
50 15 265.4 8.2 276.1 50.3 242.8 44.4 1212 286 
50 16 262.3 7.9 271.7 50.3 238.9 44.0 1171 214 
50 17 259.0 7.5 273.3 50.4 240.3 44.0 1196 189 
50 18 242.5 7.3 269.0 49.7 236.5 43.4 1218 172 
50 19 247.3 7.9 264.2 52.5 232.3 45.8 1166 98 
51 1 322.4 11.0 214.5 120.9 188.6 106.6 1271 454 
51 2 333.0 11.3 179.8 104.9 158.1 92.5 1276 426 
51 3 315.2 10.7 179.7 104.9 158.0 92.5 1270 397 
51 4 319.7 10.2 184.4 107.9 162.1 95.2 1297 337 
51 5 338.6 10.2 203.5 117.9 178.9 104.0 1279 337 
51 6 330.3 9.6 207.3 118.9 182.3 104.9 1254 331 
51 7 322.9 8.4 207.1 118.9 .182.1 104.9 1321 270 
51 8 310.2 7.1 239.6 47.6 210.7 42.0 1271 255 
51 9 277.0 6.9 278.5 46.1 244.9 40.7 1269 260 
51 10 263.0 7.1 255.4 46.8 224.6 41.3 1300 242 
51 11 249.7 7.2 251.7 46.1 221.3 40.7 1292 287 
51 12 239.5 7.4 251.5 46.8 221#1 41.3 1267 310 
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51 13 257.8 7.7 249.6 46.1 219.5 40.7 1278 204 
51 14 248.5 7.4 246o2 46.1 216.5 40.7 1309 172 
51 15 241.1 7.5 247.6 45.5 217.7 40.1 1298 286 
51 16 219.9 7.0 239.6 45.4 210.7 39.7 1205 214 
51 17 215.9 6.9 245.3 45.5 215.7 39.7 1284 189 
51 18 202.6 6.5 242.6 44.8 213.3 39.1 1328 172 
51 19 216.3 6.7 240.2 44.8 211.2 39.1 1274 98 
52 1 388.1 12.0 174.0 99.9 153.0 88.1 1107 270 
52 2 397.5 12.3 179.5 104=9 157.8 92.5 1117 255 
52 3 402.6 12.1 179.1 104.9 157.5 92.5 1117 260 
52 4 378.0 11.0 177.4 104.9 156.0 92.5 1122 242 
52 5 387.0 10.8 177.1 104.9 155.7 92.5 1087 287 
52 6 376.6 10.2 182.2 106.9 160.2 94.3 1101 310 
52 7 385.3 10.0 198.3 115.9 174.4 102.2 1100 204 
52 8 364.8 9.1 224.2 111.7 197.1 , 98.5 1127 172 
52 9 377.5 9.8 230.9 102.7 203.0 90.6 1104 286 
52 10 345.0 9.3 227.5 100.8 200.0 88.1 1097 214 
52 11 342.1 9.2 223.5 100.8 196.5 88.0 1089 189 
52 12 390.4 8.2 224.5 102.1 197.4 89.1 1126 172 
52 13 339.5 9.5 219.4 101.0 192.9 88.2 1079 98 
52 14 326.8 9.1 219-6 101.5 193.1 88.6 1113 106 
52 15 332.7 8.6 219.3 99.8 192.8 87.1 1096 306 
52 16 333.1 8.0 218.0 98.9 191.7 86.3 1116 265 
52 17 316.8 7.9 219.7 99.3 193.2 86.7 1101 250 
52 18 314.0 8.2 219.4 97.6 192.9 85.2 1070 248 
52 19 139.6 3.8 187.1 82.9 164.5 72.4 1083 327 
53 1 358.2 11.1 175.5 100.9 154.3 89.0 1391 260 
53 2 379.0 11.8 181.5 106.9 159.6 94.3 1382 242 
53 3 395.1 13.0 191.1 111.9 168.0 98.7 1396 287 
53 4 397.0 13.9 205.3 118.9 180.5 104.9 1362 310 
53 5 412.5 15.3 204.3 118.9 179.6 104.9 1389 204 
53 6 361.5 14.1 204.8 118.9 180.1 104.9 1447 172 
53 7 373.1 13.1 202.7 118.9 178.2 104.9 1387 286 
53 8 355.0 11.0 217.0 102.0 190.8 89.2 1392 214 
53 9 341.9 9.3 219.4 100.0 192.9 87.3 1313 189 
53 10 336.9 8.1 217.1 99.0 190.9 86.4 1379 172 
53 11 326.0 9.1 213.6 97.5 187.8 85.1 . 1383 98 
53 12 300.2 9.6 210.7 97.9 185.3 85.5 1347 106 53 13 292.6 8.5 211.5 96.8 186.0 84.5 . 1376 306 53 14 296.2 7.7 213.9 97.3 188.1. 84.9 1378 265 53 15 294.5 7.1 207.8 96.1 182.7 83.9 1386 250 
53 16 282.5 6.2 213.1 95.3 187.4 83.2 1370 248 53 17 284.8 7.7 213.6 95.2 187.8 83.1 1393 327 53 18 288.1 9.2 213.7 95.4 187.9 83.7 1351 378 53 19 263.3 8.6 205.6 93.2 180.8 81.8 1410 380 54 I 361.4 13.4 174.9 100.9 153.8 89.0 1124 270 
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54 2 367.7 13.6 179.5 104.9 157.8 92.5 1092 255 
54 .3 364.2 13.1 177.2 102.9 155.8 90.8 1116 260 
54 4 357.8 12.2 170.6 98.0 150.0 86.4 1080 242 
54 5 349.6 11.2 170.2 98.0 149.7 86.4 1086 287 
54 6 331.4 9.9 172.4 98.9 151.6 87.2 1114 310 
54 7 353,4 10.6 194.5 106.9 171.0 94.3 1126 204 
54 8 317.2 9.8 191.2 84.9 168.1 74.9 1124 172 
54 9 280.8 8.7 180.4 88.4 158.6 78.0 1156 286 
54 10 269.0 8.3 177.0 80.6 155.6 70o5 1108 214 
54 11 250.7 6.8 174.5 79.3 153.4 69.2 1100 189 
54 12 251.2 6.0 175.3 79.7 154.1 . 69.6 1156 172 
54 13 237.8 6.7 169.9 78.6 149.4 68. 6 1133 98 
54 14 236.8 7.6 171.2 79.0 150.5 69.0 1132 106 
54 15 237.7 7.1 171.4 77.9 150.7 68.0 1133 306 
54 16 232.0 6.5 170.1 77.1 149.6 67.3 1115 265 
54 17 223.3 6.3 170.8 77.7 150.2 67.8 1134 250 
54 18 223.6 • 6.5 175.4 76.5 154.2 66. 8 1113 248 
54 19 219.3 6.  6 170.7 75.7 150.1 66.1 1066 327 
55 1 418.0 11.3 174.0 100.9 153.0 89.0 1258 310 
55 2 463.0 12.5 183.3 107.9 161.2 95.2 1229 204 
55 3 453.0 11.8 194.5 115.0 171.0 101.4 1228 172 
55 4 452.7 11.3 194.9 115.0 171.4 101.4 1232 286 
55 5 443.4 10.2 191.5 111.9 168.4 97.8 1203 214 
55 6 422.1 9.3 190.4 112.0 167.4 97.8 1157 189 
55 7 417.6 9.6 191.3 112.0 168.2 97.8 1219 172 
55 8 420.3 10.1 154.1 148.0 135.5 129.2 1198 98 
55 9 430.0 10.3 141.9 143.2 124.8 125.0 1161 106 
55 10 421.2 10.5 147.5 152.9 129.7 133.5 1143 306 
55 11 420.8 10.9 146.7 150.9 129.0 131.7 1163 265 
55 12 408.9 11.0 144.0 151.2 126.6 132.0 1183 250 
55 13 397.6 10.7 147.2 148.8 129.4 129.9 1188 248 
55 14 387.1 10.4 146.9 148.5 129.2 129.6 1189 327 
55 15 398.8 11.2 147.5 148.5 129.7 130.3 1165 378 
55 16 390.8 11.3 144.4 147.9 127.0 129.9 1162 380 
55 17 384.7 11.1 145.7 147.8 128.1 129.8 1163 460 
55 18 391.1 11.3 146.0 145.3 128.4 127.6 1178 475 
55 19 370.1 10.4 144.8 144.4 127.3 126.8 1183 391 
56 1 380.7 12.6 175.8 99.9 154.6 88.1 1280 454 
56 2 386.2 12.7 158.8 90.9 139.6 80.2 1212 428 
56 3 373.9 12.3 158.2 90.9 139.1. 80.2 1261 397 
56 4 353.2 12.0 158.2 90.9 139.1 80.2 1248 337 
56 5 363.8 12.4 165.8 94.9 145.8 83.7 1295 337 
56 6 358.5 12.5 172.9 98.0 152.0 86.4 1265 331 
56 7 355.0 11.4 172.4 98.5 151.6 86.9 1255 270 
56 8 347.4 9.7 126.9 139.2 111.6 122.8 1286 255 
56 9 359-5 8.6 149.1 137.8 131.1 121.5 1262 260 
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56 10 358-3 7.2 133.2 137.8 117.1 121.5 1290 242 
56 11 367.8 9.3 131«7 135.7 115.8 119.7 1283 287 
56 12 344.4 12.1 132.7 136.4 116.7 120.3 1289 310 
56 13 348.8 10.1 130.4 134.4 114.7 118.5 1272 204 
56 14 330-3 8.6 129.8 135.7 114-1 119.7 1252 172 
56 15 303-5 8.2 130.1 133.6 114.4 117.8 1286 286 
56 16 305.9 8.6 128.6 132.1 113.1 115.5 1287 214 
56 17 257.3 7.5 128.5 133.0 113.0 116.1 1245 189 
56 18 261.2 7.8 127.0 130.9 111.7 114.3 1300 172 
56 19 242.8 7.3 125.7 130.2 110.5 113.7 1286 98 
57 1 377.5 12.1 174.1 100.9 153.1 89.0 1158 337 
57 2 409.4 13.1 192.9 110.9 169.6 97.8 1138 331 
57 3 399. 1 12.8 192.7 111.9 169.4 98.7 1140 270 
57 4 358.2 11.5 193.2 111.9 169.9 98.7 1153 255 
57 5 391.3 12.1 192.9 111.9 169-6 98.7 1148 260 
57 6 383-0 11.9 191.1 111.9 168.0 98.7 1136 242 
57 7 379-0 12.1 196.5 115.0 172.8 101.4 1129 287 
57 8 360-9 11.9 115.9 118.9 101.9 104.9 1087 310 
57 9 363.6 10.9 115.0 118.9 101.1 104.9 1108 204 
57 10 325.5 9.1 113.0 117.7 99.4 103.8 1087 172 
57 11 317.6 9.5 112.9 115.8 99.3 102.1 1096 286 
57 12 310.8 9.6 113.4 116.6 99.7 101.9 1094 214 
57 13 306.0 9.5 111.7 115.1 98.2 100.5 1116 189 
57 14 307.5 9.5 112.4 116.0 98.8 101.3 1134 172 
57 15 291.8 9.0 109.7 114.4 96.5 99.9 1110 98 
57 16 291.2 9.3 108.4 113.5 95.3 99.1 1102 106 
57 17 274.0 8.5 110.3 114.1 97.0 99.6 ' 1139 306 
57 18 272.5 8.4 109.2 112.4 96.0 98.1 1111 265 
57 19 249.0 7.7 108.2 111.5 95.1 97.3 1113 250 
58 1 237.6 9.5 146.6 85.0 127.8 74.8 1095 510 
58 2 257.4 10.0 170.1 96.9 148.3 85.3 1136 541 
58 3 251.1 9.5 151.3 86.9 131.9 76.5 1078 476 
58 4 253.6 9.4 146.8 85.0 128.0 74.8 1133 517 
58 5 258.1 9.3 163.5 91.9 142.6 80.9 1157 513 
58 6 259.6 8.0 157.2 88.9 137.1 78.2 1195 488 
58 7 261.1 8.9 157.0 93.0 136.9 81.8 1136 389 
58 8 282.0 10.1 78.1 183.3 68.1 161.3 1110 431 
58 9 294.3 10.0 64.3 196.1 56.1 172.6 1107 401 
58 10 300-9 9.6 63.4 196.1 55.3 172.6 1116 401 58 11 294.5 8.8 62.4 193.8 54.4 170.5 1130 291 58 12 281.9 7.9 62.2 191.8 54.2 168.8 1116 248 
58 13 282.9 8.5 62.0 191.0 54.1 168.1 . 1162 129 
58 14 277.6 9.2 63.1 189.2 55.0 166.5 1129 160 
58 15 277.2 9.4 61.1 191.1 53.3 167.4 1127 274 
58 16 277.9 10.0 60.8 188.5 53.0 165.1 1140 260 
58 17 267.9 9.1 61.0 188.2 53.2 164.9 1161 125 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
58 18 270.7 8.7 59.2 185.8 51.6 162.8 1173 244 
58 19 267.6 9.1 58.6 184.3 51.1 159.4 1220 129 
59 1 384.8 12.3 172.6 99.9 151.8 88.1 1212 242 
59 2 367.5 11.8 177.4 104.9 156.0 92.5 1203 287 
59 3 405.8 13.8 177.9 104.9 156.4 92.5 1219 310 
59 4 426.1 15.3 185.4 109.0 163.0 96.1 1193 - 204 
59 5 425.2 16.1 191.2 112.9 168.1 99.6 1209 172 
59 6 433.8 17.3 191.7 111.9 168.6 98.7 1182 286 
59 7 442.0 15.9 191.5 111.9 168-4 97.8 1138 214 
59 8 450.7 15.3 56.4 179.3 49.6 156.5 1126 189 
59 9 474.2 15.6 57.4 180.0 50.5 157.1 1138 172 
59 10 448.9 14.8 56.4 177.2 49.6 154.7 1107 98 
59 11 436.0 13.9 54.9 175.7 48.3 153.4 1133 • 106 
59 12 407.5 13.0 55.8 176.4 49-1 154.0 1177 306 
59 13 404.9 12.5 55.4 173.7 48-7 151.6 1134 265 
59 14 403.0 12.1 54.5 175.0 47-9 152.8 1156 250 
59 15 381.3 11.4 55.6 172.3 48.9 150.4 1165 248 
59 16 382.4 11.9 55.0 170.9 48.4 149.2 1106 327 
59 17 388.0 10.9 56.0 172.6 49.2 151.4 1103 378 
59 18 373.0 8.2 53.8 169.6 47.3 148.9 1114 380 
59 19 390.6 10.2 54.6 168.2 48.0 147.7 1095 460 
60 1 301.1 9.0 176.3 102.9 155.0 90.8 1228 310 
60 2 324.0 9.7 184.7 107.9 162.4 95.2 1233 204 
60 3 334.0 9.7 197.0 115.0 173.2 101.4 1182 172 
60 4 329.6 9.2 192.3 111.9 169.1 98.7 1196 286 
60 5 329.1 8.6 191.5 111.9 168.4 97.8 1197 214 
60 6 335.4 8.4 191.3 112.0 168.2 97.8 1184 189 
60 7 335.5 7.4 191.1 112.0 168.0 97.8 1X56 172 
60 8 320.8 6.4 69.3 151.1 60.9 131.9 1120 98 
60 9 308.2 8.0 49.7 158.2 43.7 138.1 1132 106 
60 10 291.6 9.0 49.8 156.5 43.8 136.6 1127 306 
60 11 285.3 8.3 49.4 154.4 43.4 134. 8 1142 265 
60 12 248.5 6.7 49.2 154.6 43.3 135.0 1149 250 
60 13 211.0 5.5 49.6 152.9 43.6 133.5 1140 248 
60 14 131.4 3.3 35.5 119.0 31.2 103.9 1149 327 
60 15 176.0 5.4 49.7 154.0 43.7 135.1 1157 378 
60 16 187.1 6.9 48.7 151.1 42.8 132.7 1142 380 
60 17 201.8 6.9 49.6 151.3 43.6 132.8 1137 460 
60 18 192.9 6.0 48.6 149.5 42.7 131.3 1132 : 475 
60 19 191.9 5.8 49.1 148.6 43.2 130.5 1138 391 
61 1 284.9 14.6 176.9 103.0 154.3 90.6 1230 535 
61 2 399.0 12.4 180.3 101.9 157.2 89.7 1244 490 
61 3 410.5 12.7 183-3 106.9 159.8 94.1 1238 514 
61 4 419.1 13.0 201.0 110.0 175.3 96.8 1258 503 
61 5 416.7 13.3 218.0 121.9 190.1 107.3 1250 508 
61 6 416.0 12.5 218.7 124.0 190.7 109.1 1258 384 
305 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
61 7 398.2 11.9 196.9 113.0 171.7 99.4 1234 445 
61 8 372.9 11.2 307.1 55.9 267.8 49.2 1202 382 
61 9 296.2 9.8 247.9 44.2 216.2 38.9 1220 422 
61 10 244.6 8.8 213.1 36.9 185.8 32.5 1198 316 
61 11 260.6 9.4 261.6 46.1 228.1 40.6 1193 225 
61 12 267.0 9.3 259.1 46.1 225.9 40. 6 1208 157 
61 13 266.4 9.1 260.4 46.1 227.1 40.6 1210 139 
61 14 258.4 8.8 260.0 46.2 226.7 40.5 1173 263 
61 15 258.2 8.3 258.7 46.2 225.6 40.5 1199 285 
61 16 262.8 7.9 258.3 46.2 225.2 40.5 1192 122 
61 17 259.8 7.8 255.7 46.2 223.0 40.5 1205 235 
61 18 264.2 8.2 255.5 46.2 222.8 40.0 1234 153 
61 19 262.2 8.4 254.9 46.2 222.3 40.0 1222 186 
62 1 344.7 13.1 145.3 84.0 126.7 73.9 1046 476 
62 2 343.1 13.0 144.8 84.0 126.3 73.9 1058 517 
62 3 348.3 13.2 147.5 84.0 128.6 73.9 1045 513 
62 4 339.8 12.9 147.1 84.0 128.3 73.9 1015 488 
62 5 341.9 12.0 149.1 85.9 130.0 75.6 1022 389 
62 6 344.9 11.0 164.8 93.0 143.7 81.8 1025 431 
62 7 346.3 10.7 159.3 90.9 138.9 80.0 1032 401 
62 8 322.9 9.7 240.9 53.2 210.1 ' 46. 8 1015 401 
62 9 266.0 8.0 238.2 43.4 207.7 38.2 986 291 
62 10 259.7 8.0 239.4 43.4 208.8 38.2 1010 248 
62 11 260.1 8.3 239.8 43.4 209.1 . 38.2 1018 129 
62 12 273.7 8.8 241.6 43.4 210.7 38.2 1066 160 
62 13 272.5 9.3 238.8 43.4 208.2 38.0 1034 274 
62 14 269.4 9.7 237.5 43.4 207.1 38.0 1040 260 
62 15 245.4 8.3 238.6 43.4 208.1 38.0 1047 125 
62 16 245.6 7.9 235.8 43.4 205.6 38.0 1076 244 
62 17 254.1 8.4 234.5 43.4 204.5 37.5 1061 129 
62 18 248.9 8.5 *238.0 43.4 207.5 37.5 1077 209 
62 19 247.5 8.7 243.8 43.4 212.6 37.5 1070 146 
63 1 309.8 12.4 172.0 98.0 150.0 86.2 1022 535 
63 2 311.2 12.1 153.2 88.0 . 133.6 77.4 1013 490 
63 3 319.2 12.1 172.4 98.0 150.3 86.2 998 514 
63 4 316.0 12.0 165.6 93.0 144.4 81.8 983 503 
63 5 311.6 11.5 163.2 91.9 142.3 80.9 971 508 63 6 299.3 9.0 158.9 84.0 138.6 73.9 968 384 
63 7 293.5 8.2 . 156.8 89.0 136.7 78.3 990 445 
63 8 270.9 7.0 238.9 43.6 208.3 38.4 972 382 63 9 234.6 7.0 194.0 35.0 169.2 30.8 940 422 63 10 209.9 7.1 176.5 32.2 153.9 28.3 967 316 63 11 217.5 7.4 207.3 37.2 180.8 32.7 967 225 63 12 221.5 7.5 235.6 42.7 205.4 37.6 953 157 63 13 225.4 7.2 233.8 41.9 203.9 36.9 960 139 63 14 222.9 6.7 233.3 42.0 203.4 36.8 988 263 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
63 15 216-3 6.5 228.6 42.0 199.3 36.8 978 285 
63 16 203.6 6.1 226.8 39.8 197.8 34.9 958 122 
63 17 214.9 6.  4 225.5 41.3 196.6 36.2 963 235 
63 18 206.5 .  6.2 220.9 41.2 192.6 35.7 964 153 
63 19 203.1 6.7 223.1 40.6 194.5 35.1 966 186 
64 1 323o9 9.4 155.5 88.0 135.6 77.4 1005 503 
64 2 322.4 9.3 155.2 88.0 135.3 77.4 978 508 
64 3 308.8 8.9 158.9 90.9 138.6 80.0 964 384 
64 4 272.7 8.2 147.8 85.0 128.9 74,8 987 445 
64 5 281.5 8.7 145.4 84.0 126.8 73.9 1004 382 
64 6 274.9 8.8 159.7 90.9 139.3 80.0 1010 422 
64 7 293.5 8.2 171.1 96.9 149.2 85.3 1015 316 
64 8 302.0 7.3 227.6 101.5 198.5 89.3 1035 225 
64 9 294.9 8.8 220.6 98.2 192.4 86.4 1025 157 
64 10 310.1 11.2 224.1 98.6 195.4 86.8 1018 139 
64 11 320.6 10.6 221.4 98.6 193.1 86.4 1040 263 
64 12 319.0 9.6 220.3 98.6 192.1 86.4 953 285 
64 13 303.2 9.4 218.6 97.9 190.6 85.8 1013 122 
64 14 299.4 9.6 215.8 98.6 188.2 86.4 1010 235 
64 15 308.6 9.9 212.6 96.5 185.4 83.6 1008 153 
64 16 309.7 9.9 213.8 96.0 186.4 83.0 980 186 
64 17 301.0 9.6 220.4 94.5 192.2 81.7 995 156 
64 18 299.1 9.3 209.4 94.5 182.6 81.7 1050 194 
64 19 290.1 8.7 209.1 93.8 182.3 81.1 1010 215 
65 1 456.2 20.1 205.7 118.0 179.4 103.8 1275 316 
65 2 431.3 17.3 204.9 116.9 178.7 102.9 1300 225 
65 3 441.7 16.3 199.2 114.0 173.7 100.3 1286 157 
65 4 437.8 14.9 196.7 111.9 171.5 98.5 1255 139 
65 5 404.6 12.1 194.4 111.9 169.5 98.1 1257 263 
65 6 408.8 13.1 193.3 112.0 168.6 98.1 1288 285 
65 7 406.1 11.8 194.3 112.0 169.4 98.1 1301 122 
65 8 397.6 10.3 207.6 101.0 181.0 88.5 1253 235 
65 9 382.7 10.7 213.9 95.3 186.5 82.6 1289 153 
65 10 393.4 12.2 214.1 96.3 186.7 83.3 1291 186 
65 11 381.9 13.0 216.7 94.9 189.0 82.1 1252 156 
65 12 372.3 13.4 210.0 95.0 183.1 82.2 1278 194 
65 13 363.2 10.9 208.7 94.2 182.0 81.5 1250 215 
65 14 363.7 9.1 209.7 94.3 182.9 81.6 1264 203 
65 15 346.2 9.0 207.3 93.5 180.8 80.9 1260 280 
65 16 341.9 8.9 207.1 93.1 ; 180.6 80.5 1253 251 
65 17 336.4 9.4 205.8 92.6 179.5 80.1 1202 267 
65 18 325.1 9.8 204.0 91.2 177.9 78.9 1253 388 
65 19 310.0 9.0 202.3 90.5 176.4 78.3 1250 353 
66 1 352.7 12.3 182.7 105.0 159.3 92.4 1284 225 
66 2 361.5 12.6 195.4 111.9 170.4 98.5 1266 157 
66 3 378-3 13.2 195.8 111.9 170.7 98.5 1230 139 
307 
TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
66 4 393.6 13.8 193.9 111.9 169.1 98.1 1256 263 
66 5 385.7 12.3- 194.6 112.0 169.7 98.1 1247 285 
66 6 392.0 11.8 192.8 112.0 168.1 98.1 1232 122 
66 7 394.2 12.2 191.5 112.0 167.0 98.1 1237 235 
66 8 373.3 11.9 186.7 88.4 162.8 76.6 1226 153 
66 9 351.4 11.2 191.4 84.7 166.9 73.3 1247 186 
66 10 326.2 10.1 189.3 84.0 165.1 72.7 1232 156 
66 11 323.9 10.0 183.0 82.5 159.6 71.4 1242 194 
66 12 312.0 9.7 186.5 83.2 162.6 72.0 1182 215 
66 13 319.8 9.6 183.6 81.8 160.1 70.8 1203 203 
66 14 325.3 9.1 179.4 80.7 156.4 69.8 1205 280 
66 15 314.4 9.4 178.9 79.1 156.0 68.4 1169 251 
66 16 302.3 9.7 175.0 78.4 152.6 67.8 1187 267 
66 17 288.6 9.2 175.9 79.1 153.4 68.4 1170 388 
66 18 278.9 8.9 175.2 77.7 152.8 67.2 1156 353 
66 19 269.2 8.9 174.3 77.0 152.0 66. 6 1160 450 
67 1 330.8 10.9 207.8 119.0 181.2 104.7 1503 382 
67 2 331.7 10.9 206.4 118.0 180.0 103.8 1460 422 
67 3 352.4 11.6 203.7 116.9 177.6 102.9 1505 316 
67 4 364.1 12.0 208.8 119.0 182.1 104.7 1483 225 
67 5 368.8 11.8 209.1 119.0 182.3 104.7 1510 157 
67 6 377.6 11.3 210.7 119.0 183.7 104.7 1429 139 
67 7 375.5 11.6 208.3 118.9 "181.6 104.2 1455 263 
67 8 379.4 12.1 160.2 163.0 139.7 142.8 1414 285 
67 9 387.7 11.6 161.7 163.8 141.0 143.5 1462 122 
67 10 383.3 11.1 155.5 159.6 135.6 139.8 1453 235 
67 11 . 376.2 12.0 154.7 159.3 134.9 138.0 1460 153 
67 12 360.4 12.3 156.7 159.3 136.6 137.8 1432 186 
67 13 369.4 12.6 158.0 157.5 137.8 136.2 1414 156 
67 14 347.0 11.8 154.5 158.2 134.7 136.8 1433 194 
67 15 348.3 11.1 153.0 156.1 133.4 135.0 1458 215 
67 16 335.9 9.7 152.2 154.7 132.7 133.8 1449 203 
67 17 323.3 10.3 152.5 155.4 133.0 134.4 1443 280 
67 18 322-6 11.0 151.0 152.6 131.7 132.0 1399 251 
67 19 312.2 .  10.9 149.3 151.9 130.2 131.4 1420 267 68 1 294.3 10.9 169.4 98.0 147.7 86.2 1126 476 68 2 298.3 10.7 162.5 93.0 141.7 81.8 1125 517 68 3 289.9 9.9 161,2 91.9 140.6 80.9 1118 513 68 4 297.1 9.5 174.5 96.9 152.2 85.3 1108 488 68 5 268.1 8.0 156.1 89.0 136.1 78.3 1092 389 68 6 254.7 7.9 162.0 91.9 141.3 80.9 1056 431 68 7 224.2 8.1 143.5 70.0 125.1 61.6 1072 401 68 8 191.5 8.0 128.0 130.1 111.6 114.5 1057 401 68 9 236.7 8.5 132,5 134.3 115.5 118.2 1098 291 68 10 264.3 7.7 133.9 134.3 116.8 118.2 1120 248 68 11 273.3 8.8 130.5 133.0 113.8 117.0 1138 129 
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NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
68 12 265.1 9.0 130.5 131.6 113.8 115.8 1129 160 
68 13 262.5 8.4 128.2 129.5 111.8 113.4 1134 274 
68 14 258.6 7.5 128.6 130.8 112.1 114.6 1090 260 
68 15 252.3 7.6 125.7 127.7 109.6 111.9 1142 125 
68 16 250.0 7.5 124.1 127.4 108.2 111.6 1163 244 
68 17 243.7 7.3 124.5 128.0 108.6 110,7 1166 129 
68 18 241.6 7.3 122.8 126.5 107.1 109.4 1166 209 
68 19 240.5 7.2 125.0 125.3 109.0 108.4 1160 146 
69 1 335.7 11.4 174.3 98.0 152.0 86.2 1109 157 
69 2 325.9 11.1 161.5 90.9 .140.8 80.0 1128 139 
69 3 324.3 11.0 159.6 90.9 139.2 79.7 1126 263 
69 4 330.7 11.2 158.8 91.0 138.5 79.7 1162 285 
69 5 340.7 11.9 167.5 95.0 146.1 83.2 1123 122 
69 6 317.5 11.4 157.6 91.0 137.4 79.7 1140 235 
69 7 310.8 10.6 156.8 90.8 136.7 78.7 1143 153 
69 8 326.2 10.8 116.3 118.3 101.4 102.3 1104 186 
69 9 332.5 11.3 119.7 118.8 104.4 102.8 1147 156 
69 10 312.0 10.6 114.9 116.8 100.2 101.0 1081 194 
69 11 316.7 10.8 115.3 117.6 100.5 101.7 1094 215 
69 12 319.3 10.5 114.9 117.0 100.2 101.2 1088 203 
69 13 332.9 11.3 112.8 115.1 98.4 99.6 1097 280 
69 14 332.2 11.3 114.0 115.4 99.4 99.8 1128 251 
69 15 318.0 . 10.8 112.3 114.3 97.9 98.9 1025 267 
69 16 310.7 10.6 111.0 112.8 96.8 97.6 1042 388 
69 17 300.8 10.2 111.8 113.3 97.5 98.0 1036 353 
69 18 287.5 9.8 111.2 112.1 97.0 97.0 1040 450 
69 19 287.7 10.0 112.7 111.4 98.3 96.4 1038 387 
70 1 413.9 13.7 190.5 109.0 166.1 95.9 1252 384 
70 2 402.1 12.9 190.9 110.0 166.5 96.8 1232 445 
70 3 393.0 11.8 184.1 106.9 160.5 94.1 1233 382 
70 4 402.5 11.7 185.2 - 108.0 161.5 95.0 1234 422 
70 5 419.6 11.8 210.1 119.0 183.2 104.7 1216 316 
70 6 416.8 10.8 207.3 119.0 180.8 104.7 1210 225 
70 7 420.0 10.9 209.6 119.0 182.8 104.7 1200 157 
70 • 8  : 460.3 12.0 65.6 202.3 57.2 178.0 1172 139 
70 9 447.1 11.6 65.7 202.7 57.3 177.7 1175 263 
70 10 445.3 12.0 64.4 200.6 56.2 175.7 1158 285 
70 11 427.5 11.1 63.3 197.7 55.2 173.2 1177 122 
70 12 426.3 10.2 62.3 197.9 54.3 173.4 1173 235 
70 13 416.8 10.4 62.7 195.4 54.7 169.3 1197 153 
70 14 409.4 10.6 62.5 196.5 54.5 170.0 1195 186 
70 15 405.2 10.5 62.4 192.5 54.4 166.5 1211 156 
70 16 404.6 10.9 61.6 191.8 53.7 165.9 1222 194 
70 17 387.7 10.1 61.4 192.4 53.5 166.4 1228 215 
70 18 370.4 8.9 61.4 195.8 53.5 169.4 1206 203 
70 19 379.9 9.5 60.6 188.4 52.8 163.0 1215 280 
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TABLE 43. (CONTINUED) 
NO WEEK MILK , BFAT HAY GRAIN HE GE WEIGHT TEMP 
. 71 1 339.2 13.6 155.5 88.0 135.6 77.4 1235 503 
71 2 365.8 14.6 169.2 95.0 147.5 83.6 1259 508 
71 3 381.2 15.3 173.7 100.0 151.5 88.0 1283 384 
71 4 373.1 13.8 181.8 105.0 158.5 92.4 1217 445 
71 5 370.5 13.7 180.0 105.0 157.0 92.4 1212 382 
71 6 368.9 12.5 194.5 111.9 169.6 98.5 1264 422 
71 7 383.0 13.0 193.8 111.9 169.0 98.5 1267 316 
71 8 396.1 13.5 58.5 179.8 51.0 158.2 1256 225 
71 9 415.7 14.1 60.0 184.1 52.3 : 162.0 1232 157 
71 10 420.6 14.3 58.9 179.8 51.4 153.2 1187 139 
71 11 419.3 14.3 57.6 177.6 50.2 155.7 1216 263 
71 12 407.1 13.8 57.3 178.4 50.0 156.3 1197 285 
71 13 394.7 12.6 56.9 175.7 49.6 153.9 1224 122 
71 14 390.1 11.3 56.8 177.1 49.5 155.1 1218 235 
71 15 382.0 12.2 55.2 174.0 48.1 150.8 1203 153 
71 16 391.6 13.3 55.4 172.9 48.3 149.6 1247 . 186 
71 17 391.3 13.3 56.7 173.6 49.4 150.2 1198 156 
71 18 352.6 11.6 54.8 170.8 47.8 147.7 .  1207 194 
71 19 361.1 11.6 54.5 170.1 47.5 147. 1 1210 215 
72 1 427.4 20.5 185.7 . 106.9 161.9 : 94.1 1265 157 
72 2 470.1 22.6 195.4 111.9 170.4 . 98.5 1288 139 
72 3 484.5 23.3 195.8 111.9 170.7 98.1 1246 263 
72 4 466.7 22.4 193.9 112.0 169.1 : 98.1 1225 285 
72 5 469.1. 20.6 194.6 112.0 169.7 98.1 1230 122 
72 6 469.4 18.3 192.8 112.0 168.1 . 98.1 , 1223 235 
72 7 468.2 15.9 191.5 111.8 167.0 96.9 1222 153 
72 8 462.9 13.9 70.6 152.8 61.6 132.2 1155 186 
72 9 462.7 12.9 52.3 160.2 45.6 138.6 1126 156 
72 10 429.7 11.2 51.9 158.5 45.3 137.1 1130 194 
72 11 423.7 11.9 50.1 157.0 43.7 135.8 1105 215 
72 12 : 410.1 11.9 50.8 157.5 44.3 136.2 1133 203 
72 13 402.7 11.3 50.8 155.1 44.3 134.2 1137 280 
72 14 402.1 10.4 50.5 155.7 44.0 134.7 1133 251 
72 15 393.0 11.0 50.6 154.3 44.1 133.5 1117 267 
72 16 385.9 11.6 49.2 152.8 42.9 132.2 1112 . 388 
72 17 349.0 10.5 49.2 153.2 42.9 132.5 1110 . 353 
72 18 345.8 10.4 49.2 151.4 42.9 131.0 1112 . 450 
72 19 320.1 9.6 49.0 150.6 42.7 130.3 1125 3 87 
73 1 276.1 11.6 163.2 91.9 142.3 80.9 1190 503 
73 2 273.1 11.5 161.2 90.9 140.6 80.0 1185 508 
73 3 273.8 11.5 170.9 96.9 149.0 85.3 1178 384 
73 4 255.2 9.7 174.8 98.0 152.4 86.2 1184 . 445 
73 5 258.1 9.3 173.2 98.0 151.0 . 86.2 1192 382 
73 6 263.2 8.7 176.6 100.9 154.0 . 88.8 1210 422 
73 7 270.9 9.2 180.0 . 105.0 157.0 92.4 1214 316 
73 8 249-1 8.5 325.1 58.7 283.5 5U7 . 1210 225 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
73 9 224.0 8.5 255.8 44.8 223.1 39.4 1228 157 
73 10 239.4 9.8 257.8 44.8 224.8 39.4 1226 139 
73 11 225.8 9.5 254.8 44.7 222.2 39.2 1215 263 
73 12 213.6 9.0 253.4 44.7 221.0 39.2 1225 285 
73 13 215.4 6.7 254.6 44.7 222.0 39.2 1228 122 
73 14 205.6 4.1 251.5 44.7 219.3 39.2 1270 235 
73 15 188.5 6.6 . 250.1 44.8 218.1 , 38.8 1215 153 
73 16 205.6 10.3 253.9 44.9 221.4 38.8 1240 186 
73 17 198.0 9.1 260.1 44.9 226.8 38.8 1204 156 
73 18 183.8 7.9 252.1 44.9 219.8 38.8 1253 194 
73 19 176.3 7.8 253.2 44.9 220.8 38.8 1240 215 
74 1 402.1 14.5 210.0 120.0 182.7 104.4 1288 181 
74 2 421.4 12.2 212.0 126.0 184.4 109.6 1293 141 
74 3 403.2 11.7 210.5 123.0 183.1 107.0 1300 193 
74 4 397.9 11.5 204.5 121.0 178.0 105.3 1297 266 
74 5 369.3 10.3 205.0 119.0 178.4 103.5 1318 294 
74 6 384.8 10.8 206.5 119.0 179.9 103.5 1295 231 , 
74 7 365.4 10.6 206.5 119.0 179.8 103.5 1300 286 
74 8 334.4 10.0 261.6 53.9 241.0 46.9 1294 295 
74 9 293.7 9.4 251.2 51.6 231.4 44.9 1279 353 
74 10 290.8 10.2 237.4 46.2 209.1 . 40.2 1284 327 
74 11 , 292.9 9.1 263.0 53.2 231.6 46.3 1249 345 
74 . 12 292.4 7.9 265.4 . 53.2 238.3 46.3 1300 308 
74 13 286.4 8.6 255.5 52.5 229.4 45.7 1266 355 
74 14 274.7 8.8 261.3 52.4 228.8 45.6 1283 • 495 
74 15 285.8 9.1 266.6 51.8 233.4 45.1 1302 517 
74 16 302.4 9.7 261.9 51.8 243.4 45.1 1277 504 
74 17 286.5 9.4 260.0 51.8 241.7 45.1 1285 479 
74 • 18 278.8 9.5 255.9 51.0 228.5 44.4 1255 415 
74 19 254.0 8.1 241.1 48.8 215.3 42.5 1257 495 
75 1 308.9 10.5 167.5 94.0 146.1 . 82-7 1264 503 
75 2 331.9 11.3 • 183.3 104.0 159.8 91.5 1256 508 
75 3 347.2 11.8 193.6 111.9 168.8 98.5 1270 . 384 
75 4 342. 1 12.3 195.8 111.9 170.7 98.5 1262 : 445 
75 5 312.6 11.9 193.9 111.9 169.1 98.5 1222 382 
75 6 322.6 13.9 200.5 115.0 174.8 101.2 1245 422 
75 7 328.8 11.2 207.7 119.0 181.1 . 104.7 1250 316 
75 8 292.8 7.6 256.9 46.8 224.0 41.2 1232 225 
75 9 275.8 9.4 261.0 46.8 227.6 41.2 1248 157 
75 10 275.0 11.5 259.6 46.8 226.4 41.2 1255 139 
75 11 270.5 10.8 253.4 46.2 221.0 40.5 1275 263 
75 12 258.2 9.8 252.1 46.2 219.8 40.5 1258 285 
75 13 251.6 9.1 250.2 45.5 218.2 39.9 1249 122 
75 14 229.9 7.8 249.1 46. 1 217.2 40.4 1240 235 
75 15 242-4 8.7 245.2 45.5 213-8 39.4 1230 153 
75 - 16 240.2 9.1 246.0 44.9 214.5 38-8 1226 186 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
75 17 235.6 8.5 252.1 44.9 219.8 38.8 1235 156 
75 18 228.4 7.5 241.4 44.9 210.5 38.8 1237 194 
75 19 226.2 7.2 241.7 44.2 .210.8 38.2 1232 215 
76 1 :: 305.9 10.4 219.0 126.5 190.3 110.1 1230 365 
76 2 300.1 , 8 .7 231.0 133.0 . 201.0 115.7 1231 234 
76 3 313.9 10.7 . 223.0 129.0 194.0 112.2 1214 256 
76 4 313.4 12.5 213.0 125.0 185.3 108.8 1240 251 
76 5 315.9 12.0 215.0 128.0 187.2 111.4 1222 218 
76 6 306.3 11.0 221.0 - 128.5 192.4 111-8 1243 247 
76 7 299.3 • 11.1 224.0 129.5 195.0 112.7 1254 270 
76 8 291.8 11.1 211.0 106.4 187.5 92.6 1225 236 
76 9 272.5 9.8 223.9 107^1 . 199.0 93.2 1264 151 
76 10 260.0 9.1 213.9 - 105.7 187.4 92.0 1252 141 
76 11 242.7 9.0 219.1 . 104.3 191.9 90.7 1270 164 
76 12 242.2 9.2 219.8 104.3 193.7 90.7 1240 178 
76 13 231.6 8.8 205.8 102.9 181.3 89.5 1272 263 
76 14 239.0 9.1 214.6 103.0 186.1. 89.6 1290 . 299 
76 15 240.2 8.6 214.8 102.9 186.2 89.5 1253 222 
76 16 223.8 7.8 208.9 102.1 . 185.1 88.8 1272 288 
76 17 212.6 7.9 205.3 100.8 181.9 87.7 1267 279 
76 18 208.0 8.1 . 201.0 100.1 177.5 87.1 1267 368 
76 19 222.2 8.4 206.6 99.4 182.5 86.5 1292 330 
77 1 . 361.2 13.7 200.0 118.5 174.0 103.1 1318 202 
77 2 392.4 13.7 217.0 126.0 . 188.8 109.6 1275 252 
77 3 408.5 14.3 217.0 126.0 188.8 109.6 1300 . 270 
77 4 : 396.4 13.9 217.0 126.0 188.8 109.6 1325 227 
77 5 383.5 11.9 214.0 . 126.0 186.2 109.6 1325 71 
77 6 384.2 10.4 213.0 126.0 185.3 109.6 1316 223 
77 7 366.4 11.7 217.0 126.0 , 188.8 109.6 1239 135 
77 8 343.6 12.4 204.4 97.3 175.8 84.7 1328 220 
77 9 313.3 11.0 206.5 98.0 177.6 85.3 1325 290 
77 10 307.4 11.6 203.0 96.6 174.8 84.0 1304 257 
77 11 307.1 10.4 200.4 95.9 172.5 83.4 1298 251 
77 12 283.2 9.6 202.3 95.9 174.0 83.4 1336 279 
77 13 269.1 9.4 198.8 94.5 170.9 82.2 1306 352 
77 14 266.1 9.6 198.8 94.5 170.9 82.2 1307 311 
77 15 265.4 10.1 198.8 94.5 170.9 82.2 1300 324 
77 16 267.6 10.7 198.8 94.5 171.0 82.2 1281 ;; 344 
77 17 249# 1 10.0 193.2 92.4 166.1 . 80.4 1289 335 
77 - 18 234.8 9.4 193.8 92.4 166.7 80.4 1266 380 
77 19 210.0 8.0 192.7 91.8 165.7 79.9 1271 , 5 1 2  
78 1 . 465.6 21.4 209.0 122.5 182.0 . 106.6 1242 202 
78 2 499.1 17.5 217.0 126.0 - 188.8 109.6 1244 . 252 
78 3 485.7 16.5 215-5 126.0 187.6 109.6 1268 270 
78 4 469.5 15.0 215.5 126.0 187.6 109.6 1252 227 
78 5 442.0 11.5 217.0 126.0 188.8 109.6 1265 71 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
78 6 406-2 8.1 . 217.0 126.0 188.8 109-6 1287 223 
78 7 390.1 10.1 214.0 126.0 186.2 109-6 1228 135 
78 8 373.9 12.3 178.5 84.7 153.5 73-7 1244 220 
78 9 356.7 12.1 179.2 85.4 154.1, 74-3 1205 290 
78 10 337.0 11.5 177.1 84.0 152.3 73-1 1187 257 
78 11 325.5 10.4 175.0 83.3 150.5 72-5 1216 251 
78 12 316.5 9.5 175.7 84.0 . 151.1 73-1 1173 279 
78 13 315.1 10.4 172.9 81.9 148.7 71-3 1182 352 
78 14 307.4 11=1 172.9 81.9 148.7 71.3 1227 311 
78 15 308.2 10.5 172.9 81.9 148.7 71.3 1215 324 
78 16 307.4 9.5 172.9 81.9 149.4 71.3 1125 344 
78 17 287.0 9.2 168.6 81-2 145.6 70.6 1179 335 
78 18 281.2 9.3 168.7 80-5 145.1 70.0 1176 380 
78 19 284.6 9.1 168.0 80.5 144.5 70.0 1144 512 
79 1 283.9 9.6 172.8 98.0 151.9 86.4 1117 331 
79 2 283.8 9.6 172.5 98.0 151.7 86.4 1190 270 
79 3 270.3 8.9 174.7 100.9 153.6 89.0 1170 255 
79 4 270.6 8.7 187.6 109.0 165.0 96.1 1204 260 
79 5 279.9 9.0 192.3 111.9 169.1 98.7 1195 242 
79 6 277.8 8.6 191.5 111.9 168.4 98.7 1173 287 
79 7 268.7 8.1 202.4 117.9 178.0 104.0 1167 310 
79 8 275.1 8.3 149.3 • 152.5 131.3 134.5 1196 204 
79 9 285.0 9.4 146.7 153.2 129-0 135.1 1213 172 
79 10 284.2 10.2 146.7 151.4 129-0 133.5 1168 286 
79 11 285.8 8.6 145.6 149.3 - 128-0 130.5 1185 214 
79 12 268.6 6.4 146.7 149.7 129.0 130.7 1213 189 
79 13 275.9 7.2 143.2 147.4 125.9 128.7 1217 172 
79 14 278.6 7.5 143.8 148.2 . 126.4 129.4 1185 98 
79 15 279.6 8.9 139.7 146.6 122.8 128.0 1209 106 
79 16 274.4 9.9 139.2 145.1 122.4 126.7 1242 306 
79 17 270.5 9.7 141.9 145.6 124.8 127.1 . 1243 . 265 
79 18 276.6 10.2 138-0 143.2 121.3 125.0 1254 250 
79 19 256.2 9.5 139.8 142.3 122-9 124.2 1259 248 
80 1 360.3 12.3 221-0 129.0 192-2 112.2 1440 307 
80 2 375.5 14.3 223.0 129.0 194.0 112.2 1462 203 
80 3 363.7 13.8 223.0 - 129.5 194.0 112.7 1460 226 
80 4 368.6 14.0 222.0 129.5 193.1. 112.7 1434 253 
80 5 354.6 12.1 223.0 129-5 194.0 112.7 1507 268 
80 6 324.4 9.4 218.5 129.5 190.2 112.7 1496 193 
80 7 339.8 10,9 224.0 129.5 194-9 112.7 1533 ' 87 
80 8 331.5 11.9 144.8 143.3 125.4 124.7 1436 224 
80 9 305.7 11.0 - 135.8 146-3 117-6 127.3 1454 139 
80 10 317.8 11.1 133.7 144.2 115.0 125.5 1467 229 
80 11 305.5 10.7 132.3 142.8 113.8 124-2 1453 295 
80 12 300.1 10.5 133.0 143.5 114.4 124.8 1451 . 251 
80 13 280.9 9.5 130.9 141.4 112-6 123.0 1414 267 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
85 8 420.0 15.4 234.6 106.6 211.1 , 91.7 1289 335 
85 9 401.6 14.4 242.3 108.7 218.1 93.5 1308 336 
85 10 414.9 15.4 243.0 108.9 218.7 93.7 1279 343 
85 11 404.5 14.5 239.4 107.8 215.5 92.7 1293 268 
85 12 378.0 13.2 239.1 , 107.8 215.2 92.7 1316 208 
85 13 370 = 3 14=3 236.2 106.6 212.6 91.7 1310 267 
85 14 368.5 13.9 238.5 107.1 214.6 92-1 1308 203 
85 15 388.5 14.9 235.7 105.9 212.1 91-1 1346 280 
85 16 377.1 15.4 233.1 105.0 209-8 90=3 1351 405 
85 17 360.5 15.4 233.8 105.0 210.4 90-3 1337 320 
85 18 366.8 14.7 230.3 • 103.6 207.3 89-1 1352 346 
85 19 329.2 12.3 228.2 102.9 205.4 88-5 1360 322 
86 1 458.2 24.5 220.9 114.0 198.8 98-0 1242 290 
86 2 503.1 • 18.6 222.2 128.4 200.0 110.4 1220 336 
86 3 512.0 18.9 228.7 135.2 205.8 116.3 1236 363 
86 4 480.9 17.7 229.2 127.0 206.3 109.2 1222 301 
86 5 467.2 17.4 208-7 124.1 187.8 106.7 1193 179 
86 6 437.0 15.6 213.9 117-6 192.5 101.1 1210 302 
86 7 451.7 14.9 223.8 124.3 201.4 106.9 1206 180 
86 8 391.3 13.7 168.7 75.7 151.8 65.1 1206 269 
86 9 379.4 13.2 168.5 76.1 : 151.6 65.4 1197 . 402 
86 10 346.8 13.4 167.1 74.9 150.4 64.4 1195 353 
86 11 346.1 12.1 165.9 74.9 149.3 64.4 1211 , : 308 
86 12 309.7 11.7 165.6 74.7 149.0 64.2 1192 328 
86 13 305.9 9.6 164.0 73.6 147.6 63.3 1150 476 
86 14 290.6 10.4 164.9 74.1 148.4 63.7 1193 406 
86 15 268.3 9.8 163.0 73.4 146.7 63.1 1191 325 
86 16 276.9 9.0 162.4 72.9 146.2 62.7 1221 ; 357 
86 17 281.3 8.9 162,1 73.3 145.9 63.0 1186 397 
86 18 255.6 8.7 160.2 72.0 144.2 61.9 1195 . 395 
86 19 266.6 9.5 164.2 77.2 147.8 66.4 1245 528 
87 1 350.2 11.6 179.7 107.2 161.7 92.2 1430 595 
87 2 347.7 11.8 165-8 91.8 149.2 78.9 1401 . 613 
87 3 338.4 10.0 168.4 94.1 151.6 80.9 1400 593 
87 4 316.5 11.2 169.0 98.1 152.1 84.4 1386 627 
87 5 299.6 10.6 151-7 87.0 136.5 74.8 1335 649 
87 6 277.1 10.1 134.5 80.1 . 121.0 68.9 1313 657 
87 7 328.1 10.5 166.9 94.7 150.2 81.4 1314 594 
87 8 357-3 10.8 133.7 136.5 120.3 117-4 1324 619 
87 9 377.1 11.8 133.1 137.2 119.8 118-0 1310 617 
87 10 357.1 11.1 . 132-3 • 135.1 . 119.1 116-2 1321 - 590 
87 11 ; 356.7 11.8 131-6 133.7 118.4 115.0 1294 531 
87 12 332.8 11.5 116.8 134.4 ^105.1 . 115-6 1302 566 
87 13 314.7 • 10-9 129-5 132.3 • 116.5 113-8 1309 520 
87 14 291.3 9.8 130-9 133.7 117.8 115.0 1301 549 
87 15 277.9 8.9 128.8 131.6 115.9 113.2 1287 571 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
87 16 315.5 9.8 128.1 130.2 115.3 112.0 1280 506 
87 17 329.5 10.4 128.1 130.9 115-3 112.6 1327 427 
87 18 320.0 10.1 126.7 129.5 114.0 111.4 1321 475 
87 19 316.3 10.0 126.0 128.8 113.4 110.8 1334 478 
88 1 515.5 23.7 187.3 115.9 168.6 99.7 1480 308 
88 2 492.2 18.8 195.8 118.2 176.2 101.7 1472 199 
88 3 450.3 16.1 215.4 123.8 193.9 106-5 1470 . 293 
88 4 476.1 15.5 193.3 112.0 174.0 96.3 1412 173 
88 5 491.9 17.0 204.9 118.9 184.4 102.3 1460 252 
88 6 426.8 12.9 215-7 120.9 194.1 ,104.0 1505 370 
88 7 417.1 17.1 214.2 122.1 192.8 105.0 1465 386 
88 8 410.1 13.9 238.7 45.0 214.8 38.7 1425 295 
88 9 380.9 13.7 250.0 45.1 225.0 38.8 1448 348 
88 10 367.9 12.4 248.2 45.9 223.4 . 39.5 1410 438 
88 11 : 332.9 13.1 255.0 46.3 229.5 39.8 1388 429 
88 12 314.9 11.3 260.2 48.0 234.2 41.3 1413 • 318 
88 13 322.4 10.1 261-7 47.6 235.5 40.9 1404 371 
88 14 327.6 11.1 250.9 46.5 225.8 • 40.0 1372 378 
88 15 314.7 10.7 256.0 47.0 230.4 40.4 1390 377 
88 16 275.6 9-7 251.3 46.3 226.2 39.8 1409 528 
88 17 283.5 8-9 250-6 45.5 225.5 39.1 1368 527 
88 18 300.5 9-8 256.5 47.5 230.8 40.8 1357 498 
88 19 257.5 8.1 253.6 46.3 228.2 39.8 1324 508 
89 1 ; 354-3 13-0 158.0 94.6 142.2 81.4 1276 . 249 
89 2 341.5 11-4 160.0 94.9 144.0. . 81.6 1268 210 
89 3 357.3 10-8 188.8 103.3 169.9 88.8 1254 234 
89 4 335.3 9.6 214.8 53.6 193.3 46*1 1295 335 
89 5 371-4 11-2 198.0 110.5 178.2 95.0 1307 . 397 
89 6 357.8 11-2 187.9 107.2 169.1 92.2 1336 275 
89 7 342.8 10.9 193.5 112.6 174.1 , 96.8 1322 371 
89 8 338.6 9.0 128.9 133.1 116.0 114.5 1332 375 
89 9 334.8 9.8 131.6 134.4 118.4 115.6 1292 : 475 
89 10 337.9 9.6 129.5 • 132.3 116.5 113.8 1308 322 
89 11 ; 311.7 9.1 128.8 130.9 115.9 112.6 . 1305 382 
89 12 303.9 8.5 123.0 . 126.3 110.7 108.6 1357 342 
89 13 258.6 8.0 119.6 • 112.8 107.6 97.0 1345 381 
89 14 303.4 8.8 128.1 130.9 115.3 112.6 1328 504 
89 15 286.8 8.0 126.0 128.8 113-4 110.8 1330 516 
89 16 282.2 7.8 125.3 - 127.4 ; 112.8 109.6 1320 • 503 
89 17 273.7 7.7 125.3 128.1 112.8 110.2 1292 517 
89 18 262.9 8.2 123.9 126.7 111.5 109.0 1320 498 
89 19 258.8 7.4 114-2 125.3 102.8 107.8 1307 535 
90 1 360.9 10.3 152-5 86.0 . 137.2 74.0 1279 318 
90 2 374. 1 10.7 164-4 93-8 148.0 80.7 1284 260 
90 3 362-0 10-3 165-6. 93.9 149.0 80.8 1302 356 
90 4 : 364.2 10-4 179.0 103.4 161.1 88.9 1313 273 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
90 5 371.2 10-6 190.0 109.8 171-0 94.4 1314 282 
90 6 395.0 12-7 207.5 116.0 186.7 99.8 1350 289 
90 7 365.3 12.5 190.7 114.1 171-7 98.1 1317 192 
90 8 308.2 10.8 106.4 109-2 95.8 93.9 1264 174 
90 9 288.4 9-7 107.1 109-2 96-4 93.9 1246 402 
90 10 277.6 8-8 105.7 107-8 95-1 92.7 1239 276 
90 11 279.0 8-4 . 105-0 107.1 94.5 92.1 1242 264 
90 12 268.4 7-7 105-0 107.1 94.5 92.1 1240 289 
90 13 284.4 8-8 104-2 106.1 93.8 91-2 1230 355 
90 14 260.8 7-7 104.3 106.4 . 93.9 91-5 1208 425 
90 15 276.8 8-4 102-9 105.0 92.6 90.3 1155 430 
90 16 260.1 8-1 102-2 105.0 92-0 90.3 1183 461 
90 17 259.4 7-8 102-9 105.0 92-6 90.3 1192 514 
90 18 253.5 7-0 101-5 103-6 91-3 89-1 1182 : 433 
90 19 219.1 5-9 100-8 102-9 90.7 88-5 1166 480 
91 1 424.4 15-2 160-6 93-5 144-5 80-4 1218 235 
91 2 451-6 14-6 • 186-5 106-3 167.8 91-4 1240 228 
91 3 458.1 13.7 199-0 117.1 179.1 100-7 1283 312 
91 4 491.3 • 16.5 194.7 107-1 175.2 92.1 1287 392 
91 5 483-0 15.8 211-8 122-5 190.6 105.3 - 1304 292 
91 6 403-0 14.1 205.8 121-2 185.2 104-2 1306 366 
91 7 428.5 13.4 208.4 . 116-5 187.6 100-2 1327 328 
91 8 404.7 11.7 225.1 40-9 202.6 35.2 1312 : 490 
91 9 381.3 13.4 226.8 41-3 204.1 35.5 1282 342 
91 10 350.9 10.6 224.0 41.3 201.6 35.5 1276 365 
91 11 : 313-9 8.9 221.9 40-6 199.7 34.9 1295 341 
91 12 308.2 9.1 222-6 40.6 200.3 34.9 , 1272 381 : 
91 13 313.3 8.4 219-8 40.6 197.8 34.9 1300 480 
91 14 290.4 8.3 221.2 40.6 199.1 . 34.9 1272 523 
91 15 271-9 8.7 218-4 39.9 196.6 34.3 1252 500 
91 16 283-8 8.3 215.8 39.9 194.2 34.3 1260 514 
91 17 250.9 7.3 217.7 39.9 195.9 34.3 1220 494 
91 18 214-8 6.3 211.6 39.3 190.4 33.8 1239 538 
91 19 241.2 6-9 214.2 39.2 192.8 33.7 1235 554 
92 • 1  . 453-9 20.9 145.9 85.4 131.3 73.4 1417 348 
92 2 509.9 18.2 173.2 96.0 155.9 82.6 1411 438 
92 3 • 485.3 16.2 175.6 99.1 158.0 85.2 1442 ; 429 
92 4 526.1 19.0 199.0 112.1 179.1 96.4 1443 318 
92 5 504.6 • 16-8 244.1 141.5 219-7 121.7 1455 371 . 
92 6 463.0 14.2 234.9 133.3 211.4 114.6 1440 378 
92 7 498.1 15.7 236.9 133.5 213.2 114-8 1462 377 
92 8 411.1 14-9 111.3 • 113.4 100.2 97.5 1462 528 
92 9 406® 6 13-8 108.1 113.4 97.3 97.5 1321 518 
92 10 374.5 13-4 110.3 112.9 99.3 97.1 1314 504 
92 11 363.6 13.2 109.2 111.5 98.3 • 95.9 1304 493 
92 12 360.8 12.8 109.2 112.0 98.3 96.3 1310 513 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY . GRAIN HE GE WEIGHT TEMP 
92 13 329.9 10-8 107.8 110.6 97.0 95.1 1320 560 
92 14 318-0 10-0 108.5 111.3 97.6 95.7 1291 . 579 
92 15 311.8 9.1 107.8 109.9 97.0 94.5 1264 601 . 
92 16 311.6 9.1 106.4 109.2 95.8 93.9 1284 590 , 
92 17 293. 5 8.9 107.1 . 109.2 96.4 93.9 1249 585 
92 18 297.3 9.1 105.7 107.8 95.1 92.7 1269 643 
92 19 277.0 7.6 . 105.0 107.8 94.5 92.7 1232 646 
93 • 1  384.3 15.0 161.6 95.0 145.4 81.7 1363 • •546 . 
93 2 374.9 13.3 180.4 99.1 162.4 85-2 1393 630 
93 3 376.9 14-3 198.3 113.9 178.5 98.0 1425 596 
93 4 393.5 14.4 205.4 119.1 184.9 102.4 1406 605 
93 5 421.0 15.2 206.3 117.7 135.7 101.2 1430 601 
93 6 408.9 13.0 199.8 113.5 179.8 97-6 1378 624 
93 7 366.8 10.8 179.4 102.5 161.4 88.2 1374 647 
93 8 345.5 10.4 105.5 112.0 94.9 96.3 1335 657 
93 9 335.2 10.7 110.6 112.7 99.5 96.9 1310 594 
93 10 349.0 11.7 109.2 111.3 98.3 95.7 1292 605 
93 11 333.3 11.1 108.0 110.7 97.2 95.2 1335 627 
93 12 320.0 10.6 108.5 110.6 97.6 95.1 1350 588 
93 13 320.3 10.9 107.1 109.2 96.4 93.9 1303 -• 535 
93 14 302.3 10.9 107.8 109.9 97.0 94.5 1308 574 
93 15 291.6 10,2 106.4 107.8 95.8 92.7 1310 . 503 
93 16 273.3 9.4 105.7 107.8 95.1 92.7 1280 . 562 
93 17 282.5 9-1 105.7 108.5 95.1 93.3 1304 567 
93 18 291.0 9-3 105.0 107.1 94.5 92.1 1279 526 
93 19 292.1 9.3 104.3 106.4 93.9 91.5 1304 429 
94 1 471-9 17.1 174.0 100,5 156.6 86.4 1556 311 
94 2 494.7 17.9 198.4 120.3 178.6 103.5 1522 283 
94 3 480.7 16-9 221.6 123.6 199.4 106.3 1539 328 
94 4 535-0 18.0 241.0 134.7 216.9 115.8 1573 • 180 . 
94 5 483.1 14.0 227.9 131.5 205.1 113.1 1517 .  246 
94 6 497-3 15.0 241.8 137.1 217.6 117.9 1559 339 
94 7 521.2 21.3 260.0 148.3 234.0 127.5 1555 286 
94 a 439-2 16.6 306.8 0.0 276.1 0.0 1513 266 
94 9 423.2 16-7 335.8 0.0 302.2 0.0 1525 165 
94 10 407.8 17-7 365.4 0.0 328.9 0.0 1566 145 
94 11 417.1 15.6 371.6 0.0 334.4 0.0 1553 219 
94 12 402.5 14.8 365.8 0.0 329.2 0.0 1520 251 
94 • 13 373-2 12.2 379.6 0.0 341.6 0.0 1541 ; 313 
94 14 358-1 10-8 364.2 0.0 327.8 0.0 1522 476 
94 15 358-6 10.3 380.4 0.0 342.4 0.0 1497 438 
94 16 353.9 10-2 342.4 0.0 308-2 0-0 1520 528 
94 17 379.2 15.4 310.2 0.0 279.2 0.0 1489 537 ; 
94 18 297-5 11.5 298.0 0.0 268-2 0.0 1451 486 
94 19 286.4 8.9 296.7 0.0 267.0 0.0 1451 505 
95 1 445-6 13.6 199.2 111-7 179.3 96.1 1340 429 
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TABLE 43. (CONTINUED) 
NO WEEK : MILK BFAT HAY . GRAIN HE GE WEIGHT TEMP 
95 2 419.1 13-5 209.2 118.0 188.3 - 101.5 1366 318 
95 3 420.4 12.8 222-6 126.4 200.3 108.7 1359 371 
95 4 401.7 12.1 192.4 110.2 173.2 94.8 1310 378 
95 5 397.5 11.9 220.7 127.5 198.6 109.6 1361 : 377 
95 6 382.8 12-0 220.6 124.4 198.5 107.0 1363 • 528 
95 7 382.4 11-9 221.0 126.2 198.9 108.5 1348 527 
95 8 380.5 10-9 • 231.8 116.8 208.6 100.4 1361 504 
95 9 356.2 9.5 231.0 106.8 207.9 91.8 1324 493 
95 10 349.5 10.7 240.4 - 107.8 216.4 92.7 1352 513 
95 11 354.1 11-2 240.8 109.9 216.7 94.5 1375 560 
95 12 328.6 11-1 233.1 103.6 209.8 89.1 1390 579 
95 13 320.1 10-6 232.4 106.2 209.2 . 91.3 1327 601 
95 14 320.4 10-1 230.7 102.6 207.6 88.2 1362 590 
95 15 314.9 9-9 223.0 100.1 200.7 86.1 1309 585 
95 16 312.1 9-4 235-4 107.2 211.9 92.2 1322 643 
95 17 300-5 8-8 211.8 95.8 190.6 82.4 1352 646 
95 18 263-2 7-5 192-3 89.2 173.1 . 76.7 1350 701 
95 19 250.4 7-6 212-4 96.7 191.2 83.2 1352 620 
96 1 472-1 17-0 239-6 • 144.7 215.6 124.4 1561 383 
96 2 457.2 16. 0 210-1 . 141-4 189.1 . 121.6 1539 351 
96 3 455.3 13.3 273-7 159.7• 246.3 137.3 1593 349 
96 4 461.3 14-6 272-2 153.0 245.0 131.6 1603 287 
96 5 476.4 16-8 .281.4 • 160.5 253.3 138.0 1627 292 
96 6 453.8 14-8 286.7 166.3 258.0 143.0 1649 . 306 
96 7 429-8 12-3 278.6 158.6 250.7 136.4 1653 • 171 
96 8 391-1 11-8 300-5 55.3 270.4 47.6 1594 291 
96 9 401.2 11-8 302-0 55.1 . 271.8 47.4 1602 320 
96 10 386-0 12-8 298-0 54.6 268.2 47.0 1606 264 
96 11 : 373-8 13.0 295-8 54.6 266.2 47.0 1590 . 265 
96 12 351-4 10.3 280-0 54-6 252.0 47.0 1587 . 154 
96 13 349-7 10.9 292-6 53-9 263.3 • 46.4 1607 143 
96 14 349.7 9.9 295-4 53-9 265.9 46.4 1566 233 
96 15 322.1 10-4 289-2 53.2 260.3 45.8 1554 257 
96 • 16 347. 5 10-6 289-1 53-2 260-2 45.8 1535 348 
96 17 348.2 • 10-5 289-8 53-2 260.8 45.8 1544 467 
96 IS 368-9 10-8 286-3 52-5 257.7 45.1 1513 446 
96 19 362-3 10-8 284-2 52-5 255-8 45.1 1570 512 
97 - 1  429-2 12-9 267-7 150-7 240-9 129.6 1563 418 
97 2 424-0 12-4 250-1 140-8 225-1 121.1 1556 414 
97 3 413.0 11.6 252-7 139-7 227-4 120.1 1582 354 
97 4 388.7 11.9 242-2 • 145.0 218-0 124.7 1561 257 
97 5 387.3 11.7 254.8 139.6 229-3 120.1 1572 270 
97 6 , 381.6 14.8 251-9 '142.5 226.7 122.5 . 1595 290 
97 7 382.8 12.6 266-3 151.5 239-7 130.3 1581 ; 310 
97 8 354-0 11.3 287.3 53.3 258-6 45.8 1572 363 
97 9 319-2 12.4 289.3 53.9 260.4 46.4 1557 355 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
97 10 311.7 11.0 281.7 53.2 253.5 45.8 1565 . 225 
97 11 . 239.5 11.8 295.3 52.8 265.8 45.4 1571 292 
97 12 287.5 9.0 288.1 52.9 259.3 45.5 1565 226 
97 13 293.0 9.1 . 262.8 49.8 236.5 42.8 1546 425 
97 14 337.5 11.4 280.3 • 51.6 252.3 44.4 1539 333 
97 15 313.0 12.0 285.7 52.8 257.1 . 45.4 1548 382 
97 16 285.5 10.3 , 290.5 53.3 261.4 45.8 1548 373 
97 17 260.5 8.2 294.6 54.3 265.1 46.7 1537 440 
97 18 279.0 9.1 285.3 52.5 256.8 45.1 1539 323 
97 19 247.5 7.9 281.5 53.1 253.3 45.7 1533 402 
98 • 1  398.9 16.0 152.0 88.1 136.8 75.8 1437 318 
98 2 356.8 15.5 134.2 70.2 120.8 60.4 1397 385 
93 3 336.7 10.2 157.1 88.1 141.4 75.8 1405 347 
98 4 302.7 8.7 158.0 93.5 142.2 80.4 1454 386 
98 5 296.1 8.4 163.3 94.1 - 147.0 80.9 1449 514 
98 6 290.8 8.0 166.8 96.0 150.1 - 82.6 1453 523 
98 7 268.8 7.6 170.4 100.1 153.4 86.1 1463 502 
98 8 232.4 6.9 207.3 0.0 186.6 0.0 1402 508 
98 9 201.4 6.4 200.9 0.0 • 180.8 0.0 1425 504 
98 10 - 197.4 5.4 215.6 0.0 194.0 0.0 1408 549 
98 11 . 151.2 4.5 206.8 0.0 186.1 0.0 1416 567 
98 12 155.7 4.5 203.2 0.0 182.9 0.0 1396 608 
98 13 127.0 3.3 216.7 0.0 195.0 0.0 1384 589 
98 • 14 .• 125.6 3.6 214.0 0.0 192.6 0.0 1371 591 
98 15 122.1 3.4 216.7 0.0 195.0 , 0 .0 1344 634 : 
98 16 114.0 3.3 209.2 0.0 188.3 0.0 1339 652 
98 17 89.0 3.4 198.0 0.0 178.2 0.0 1336 686 
98 18 95.6 2.7 202.2 0.0 182.0 . 0 .0 1321 . 631 
98 19 94.0 3.0 191.6 0.0 172.4 0.0 1334 659 
99 1 436.7 16.8 192.1 109.5 172.9 94.2 1298 341 
99 2 451.4 16.4 181.1 102.2 163.0 87.9 1281 : 381 
99 3 409.2 13.6 185.7 • 106.8 167.1 91.8 1242 . 480 
99 4 405.2 . 14.4 185.7 310.8 167.1 . 95.3 1260 523 
99 5 408.5 13.6 201-9 117.0 181.7 100.6 1243 500 
99 6 391.7 12.5 210.5 118.0 189.4. 101.5 1235 514 
99 7 397.3 13.1 215.2 124.2 193.6 106.9 1237 494 
99 8 371.5 12.0 240.9 43.1 216.8 . 37.1 1226 535 
99 9 321.8 11.9 254.6 47.0 229.1 40.4 1250 557 
99 10 309.4 10.8 260.4 47.4 234.4 40. a 1229 607 
99 11 . 287.5 9.3 260.5 48.0 234.4 41.3 1239 600 
99 12 289.3 9.1 255.7 46.2 230.1 39.7 1242 586 
99 13 277.0 8.7 257.1 47.8 231.4 41.1 1184 : 610 
99 14 234.3 7.9 218.2 40.3 196.4 34.7 1194 663 
99 15 214.3 7.1 181.1 33.6 163.0 . 28.9 1170 667 
99 16 148.2 5.1 172.4 29.7 155.2 25.5 1152 664 . 
99 17 157.0 6.2 175.4 33.8 157.9 29.1 1120 642 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
99 18 155.4 5.1 193.2 33.2 173.9 28.6 1130 647 
99 19 200.0 7-2 202.3 40.1 : 182.1, 34.5 1135 674 
100 1 :: 311.3 13.5 116.7 68-3 105.0 . 58.7 1307 304 
100 2 337.8 12.4 138.7 76.9 124-8 66.1 1288 371 
100 3 318.3 11.6 155.6 87.3 140.0 75.1 1290 451 
100 4 348.3 12-7 161.5 91.1 145-3 78.3 1254 403 • 
100 5 392.0 13.7 . 170.5 98.8 153-4 85.0 1270 494 
100 6 391.2 12.2 164.6 94-0 148-1 , 80.8 1250 487 
100 7 336.8 10=9 195^6 110.9 176-1 . 95.3 1258 456 
100 8 309.0 11.0 217.8 39-6 196-0 . 34.1 1255 491 
100 9 299.2 10.6 224.2 41-5 201-8 35.7 1232 583 
100 10 308.6 10.7 221.8 40.9 199-6 35.2 1202 574 
100 11 296.3 9.7 223.0 40.7 200-7 35.0 1197 605 
100 12 272.4 8.5 223-3 40. 6 201-0 34.9 1200 611 
100 13 263,3 9.0 218-3 40.6 196-5 34.9 1200 649 
100 14 233.6 8.2 221-0 40.6 198-9 34.9 1201 573 
100 • 15 231.5 8.2 219-2 40.1 197.3 34.5 1191 . 562 
100 16 237.4 7.5 217.0 39-9 195.3 34.3 1233 625 
100 17 208.1 5.9 217-7 39.9 195.9 34.3 1323 596 
100 18 170.1 6.4 215-3 • 39.3 193.8 33.8 1299 626 
100 - 19 195.2 7.1 214-2 39-2 192.8 33.7 1283 585 
101 1 414.4 12-9 165-3 95-2 148.8 81.9 1420 462 
101 2 : 428.5 13.8 182-0 108-9 163.8 93.7 1414 372 
101 3 418.9 13.5 195w7 112-0 176.1 . 96.3 1435 276 
101 4 440. 6 17.0 205.6 117-1 185.0 . 100.7 1427 412 
101 5 480.5 18.3 218.0 125-4 196.2 . 107.8 1446 320 
101 6 482.5 17.7 225-8 127.6 203.2 109.7 1489 377 
101 7 424.1 17-3 193-7 138-0 174.4 118.7 1484 384 
101 8 416.8 15.0 247-4 117-0 222.7 100.6 1484 312 
101 9 441.3 17.5 247-3 109-2 222.6 93.9 1466 324 
101 10 463.0 18.4 2 59-9 118-6 233.9 102.0 1477 273 
101 11 421.9 18.2 253-7 114-1 228-3 - 98.1 1484 351 
101 12 417-8 16.2 268.0 118-8 241-2 102.2 1452 , 191 
101 13 409.1 13.8 262.7 119-5 236-4 102.8 1474 233 
101 14 418.8 15.9 261.2 116-1 235-1 99.8 1461 : 335 
101 15 394.5 13.7 244.1 120-9 219.7 104.0 1456 294 
101 16 391.5 13.2 261.7 113-5 235.5 97.6 1455 260 
101 17 386.3 14.3 256.6 120-0 230.9 103.2 1450 . 181 
101 18 364.2 15.3 247.7 107-0 222.9 92.0 1456 160 
101 19 347.3 12.8 266.6 121-3 239.9 104.3 ' 1456 184 
102 • 1  . 483.5 15.5 206.9 120-7 186.2 103.8 1402 586 
102 2 509.5 14.2 218.6 122-8 196.7 105.6 1353 -  595 
102 3 ' 515.0 13.8 225.4 130-2 202.9 112.0 1410 595 
102 4 479-9 13.4 213.2 119.4 191.9 102.7 1327 582 
102 5 473.9 13.2 223.6 126.1 • 201.2 • 108.4 1363 647 
102 6 441.8 12.4 187.2 116.4 168.5 100.1 1366 656 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
102 7 389.9 10.9 201.9 110 = 3 181.7 94.9 1326 700 
102 8 411.0 13.2 207.9 99.3 187.1 . 85.4 1350 615 
102 9 375.8 11.8 210.0 94.5 .189.0 . 81.3 1286 670 
102 10 374.8 10.5 207.2 93.3 186.5 80.2 1255 644 
102 11 352.7 9.6 205.1 92.5 184.6 79.5 1278 682 
102 12 370.7 9.6 206.5 93.1 . 185.8 80.1 1250 635 
102 13 390.0 10.6 203.0 91.0 182.7 78.3 1244 : 652 
102 14 331.1 10.5 204.4 91.6 184.0. 78.8 1323 . 583 
102 15 355.2 11.5 186.8 91.0 168.1 78.3 - 1259 528 
102 16 351.8 10.6 200.2 90.3 180.2 77.7 1340 529 
102 17 359.4 10.5 199.4 90.2 179.5 77.6 1341 , 541 
102 18 321.7 9.5 198.1 89.1 178.3 76.6 1301 569 
102 19 292.6 8.7 196.7 88.2 177.0 75.9 1326 469 
103 • 1  400.4 12.1 171.2 97.7 154.1 84.0 1407 625 
103 2 427.8 13.5 188.2 107.7 169.4 92.6 1385 596 
103 3 395.8 11.6 189.2 108.2 170.3 93.1 1393 626 
103 4 398.1 10.7 204.1 115.4 183.7 99.2 1403 • 5 8 5  
103 5 388.1 10.7 197.9 115.1 178.1 . 99.0 1300 633 
103 6 374.5 10.1 194.7 109.0 175.2 93.7 1421 647 
103 7 351.3 9.9 199.1 113.7 179.2 97.7 1408 652 
103 8 302.8 9.4 235.3 0.0 211.8 0.0 1381 577 
103 9 266.2 8.2 244.8 0.0 .220.3 0.0 1402 624 
103 10 253.7 7.2 254.5 0.0 229.0 0.0 1377 621 
103 11 236.1. 6.9 275.6 0.0 248.0 0.0 1366 578 
103 12 249.7 8.7 269.6 0.0 . 242.6 0.0 1348 534 . 
103 13 • 208.9 7.2 266.5 0.0 239.8 0.0 1413 562 
103 14 268.4 9.3 260.8 0.0 234.7 0.0 1342 523 
103 15 270.3 10.3 281.6 0.0 253.4 . 0.0 1371 549 
103 16 288.5 10.1 279.0 0.0 251.1 0.0 1365 582 
103 17 294.5 10.1 274.9 0.0 . 247.4 0.0 1329 477 
103 18 242.3 8.3 263.1 0.0 236.8 0.0 1343 441 
103 19 191.7 6.1 276.8 0.0 249»1. 0.0 1314 467 
104 1 • 311.5 11.4 129.5 73.7 116.5 63.4 1428 605 
104 2 327.4 12.6 153.9 90.1 • 138.5 77.5 1354 . 601 
104 3 335.2 11.4 154.8 85.8 • 139.3 73.8 1427 . 584 : 
104 4 344.1 11.3 151.5 88.1 136.3 75.8 1376 608 
104 5 347.6 11.2 151.8 87.3 136.6 75.1 1351 655 
104 6 359.7 10.7 146.6 82.1 . 131.9 70.6 1342 659 
104 7 310.6 10.3 164.6 99.5 148.1. 85.6 1380 681 . 
104 8 322.0 9.8 145.4 148.9 130.9 - 128.1 1335 642 
104 9 300.7 9.6 132.8 130.4 119.5 112.1 1362 647 
104 10 302.2 10.3 157.3 164.0 141.6 141.0 1339 674 
104 • 11 301.0 9.1 157.2 150.4 141.5 129.3 1332 661 
104 12 332.4 9.5 159.5 161.5 143.5 138.9 1365 645 
104 13 336*1 9.5 151.8 128.1 136.6 110.2 1382 640 . 
104 14 277.9 10.4 139.5 138.6 125.5 119.2 1355 560 
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104 • 15 243.4 8.5 116.7 104.3 105.0 89.7 1358 528 
104 16 301.6 9.3 144.5 140.3 130.0 120.7 1366 521 
104 17 297.4 8.9 136.3 138.9 122.7 119.5 1369 558 
104 18 257.0 8.8 142-0 144.2 127.8 124.0 1348 564 
104 19 280.8 8.8 136-9 138.3 • 123.2 118.9 1365 440 
105 1 359.5 14.5 153.7 89.6 138.3 77.1 1356 575 
105 2 399.0 11.7 174.9 - 100.4 157.4 86.3 1351 585 
105 3 378.6 10.7 175.6 100.4 158.0 86.3 1370 605 
105 4 387.9 12.3 175.9 100.9 158-3 86.8 1320 642 
105 5 383.3 13.4 192.7 110.4 173-4 94.9 1362 606 
105 6 393.3 - 10.4 206.9 116.9 186.2 100.5 1384. 571 
105 7 381.3 12.6 197.6 112.8 177.8 97.0 1384 595 
105 8 335.6 • 13.3 169.8 76.3 • 152.8 65.6 1364 594 
105 9 318.6 9.8 170.7 76.9 153.6 66.1 1320 608 
105 10 304.7 9.0 169.0 75.6 152-1 65.0 1352 599 
105 11 281.4 8.3 167.3 75.6 150.6 65.0 1352 626 
105 12 234.7 7.2 161-2 75.6 145.1 65.0 1403 646 
105 13 248.7 7-2 154.4 74.2 139.0 63.8 1375 645 
105 14 243.6 7.4 158.4 74-9 142.6 64.4 1334 628 
105 15 234.5 7-1 . 164.4 74-4 148.0 64.0 1310 569 
105 16 240.3 7-5 163.8 73-5 147.4 63.2 1347 647 
105 17 223.5 6.6 162.8 74-2 146.5 63.8 1363 603 
105 18 212.7 6.6 - 162.4 72-8 146.2 62. 6 1308 545 
105 19 206.4 6.5 161.0 72.8 144.9 62.6 1314 565 
106 i  433.6 22-8 130.4 87.8 117.4 75.5 1423 582 
106 2 367.3 19-0 149.3 81-1 134.4 69.7 1368 647 
106 3 . 418.2 19.2 136.7 88.2 123.0 75.9 1383 • 656 
106 4 363.8 14-3 156.6 79.3 140.9 68.2 1349 700 
106 5 429,6 16.8 169.5 100.5 152.5 86.4 1352 613 
106 6 398.8 16.4 159.4 88.1 143.5 75.8 1344 674 
106 7 459.0 15.6 204.5 122.6 184.0 105.4 1288 644 
106 8 398.1 13.3 224.7 47.6 202.2 40.9 1322 682 
106 9 449.5 14-5 260.5 49.1 234.4 42.2 1307 635 
106 10 461.3 14-9 275.7 49.9 248. 1 42.9 1293 652 
106 11 424.6 15-2 280.0 51.1 . 252.0 43-9 1301 : • 583 
106 12 347.5 12-8 259.6 51.6 233.6 44.4 1286 528 
106 13 314.1 11-2 275.8 49.4 248.2 42.5 1355 529 
106 14 292.7 10.4 277.1 50.8 249.4 43.7 1346 541 
106 15 276.0 10-5 260.6 50.4 234.5 43.3 1332 569 
106 16 273.6 10-5 272-3 49.7 245.1 42.7 1298 469 
106 17 251.4 9.7 248.5 47.0 223.6 40.4 1369 456 
106 18 162.1. 7-7 226.8 40.0 204.1 34.4 1280 376 
106 19 189.9 8-7 267.5 48.9 240.7 42.1 1267 447 
107 1 444.2 17.1 210.0 120.0 189.0 103.2 1425 467 
107 2 471.6 17.2 229.4 132.0 206.5 113.5 1437 456 
107 3 468.6 17.6 229.7 132.3 206.7 113.8 1430 470 
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107 4 462-8 16.8 232.0 133.4 208.8 114.7 1390 384 
107 5 441.8 14.4 257.5 146.5 231.7 126.0 1462 324 
107 6 453.2 15.1 242.5 144.5 218.2 124.3 1453 237 
107 7 412.6 16.0 236.7 137.1 213.0 117.9 1474 238 
107 8 405.5 13.1 303.5 22.3 273.1 . 19.2 1423 364 : 
107 9 328.0 11.7 340.5 0.0 306.4 0.0 1415 270 
107 10 298.2 12.7 . 360.8 0.0 324.7 0.0 1464 172 
107 11 299.4 12.1 . 350.1 0.0 315.1 0.0 1458 322 
107 12 303.5 12.2 362.0 0.0 325.8 0.0 1452 233 
107 13 297.7 10.8 357.9 0.0 322.1 0.0 1422 267 
107 14 254. 7 8.8 354.9 0.0 319.4 0.0 1463 204 
107 15 246.9 8.8 348.5 0.0 313,6 0.0 1484 274 
107 16 268.0 10.2 353.1 0.0 317.8 0.0 1453 284 
107 17 255.5 9.2 345.1 0.0 310.6 0.0 1483 356 
107 18 257.5 9.6 353.6 0.0 318.2 0.0 1411 : 374 , 
107 19 218.1 8.4 346.2 0.0 311.6 0,0 1446 368 
108 1 :• 398.0 15.7 173.8 89.4 156.4 76,9 1249 582 
108 2 398.6 14.0 192.2 109.1. 173.0 93,8 1266 647 
108 3 • 395.2 13.2 • 164.4 98.9 148.0 85,1 1273 656 
108 4 364.9 11.8 162.9 90.0 146.6 77,4 1274 700 
108 5 366.2 12.2 191.2 106.3 172.1. 91,4 1287 - 613 
108 6 354.4 11.3 187.6 110.5 168.8 95.0 1254 674 
108 7 379.0 14.3 201.4 111.9 181.3 96.2 1241 644 
108 8 323.8 12.8 230.5 17.1 207.4 14.7 1234 • 682 
108 9 325.2 11.3 285.7 0.0 257.1 0.0 1206 635 
108 • 10 335.2 11.6 244.5 0.0 220.0 0.0 1261 652 
108 11 292.2 11.1 295.9 0.0 266.3 0.0 1225 583 
108 12 263.7 10.8 239.6 0.0 215.6 0.0 1248 528 
108 13 241.8 10.5 265.5 0.0 238.9 0.0 1279 529 
108 14 222.2 8.9 262.2 0.0 236.0 0.0 1237 541 
108 15 231.6 8.0 288.0 0.0 259.2 0.0 1226 569 
103 16 224.2 8.6 292.1 0.0 262.9 0.0 1249 469 
108 17 217.0 8.8 283.8 0.0 255.4 0.0 1268 456 
108 • 18 229.8 8.6 286.8 0.0 258.1 0.0 1260 376 
108 19 215.4 7.9 292.7 0.0 263.4 0.0 1243 447 
109 1 378.6 17.2 133.9 79.9 120.5 68.7 1384 556 
109 2 277.3 15.2 78.7 60.3 70.8 51.9 1355 526 
109 3 311.3 11.6 140.9 75.9 126.8 65.3 1342 549 
109 4 371.9 10.1 165.8 93.7 149.2 80.6 1329 578 
109 5 362.5 10.4 178.8 103.9 160.9 89.4 1326 462 
109 6 378.7 12.6 179.0 103.3 161.1 88.8 1328 451 
109 7 389.8 13.5 179.0 103.9 161.1 89.3 1349 466 
109 8 378.3 14.4 146.6 73.0 . 131.9 62.8 1317 469 
109 9 351.4 10.4 173.3 87.0 156.0 74.8 1317 417 
109 10 365.4 14.6 179.0 82.3 161.1 70.8 1370 299 
109 11 358.9 11.2 217.8 97.2 196.0 83.6 1388 263 
TABLE 43- (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
109 12 345.6 11.6 241.6 106.4 217-4 91.5 1384 217 
109 13 328.1 . 13.3 226.9 104.8 204-2 90.1 1397 370 
109 14 332-1 12.6 227.9 100.9 205-1 86.8 1367 313 • 
109 15 332.3 11.6 228.6 99.4 205.7 85.5 1372 165 
i09 16 325.6 11.9 229.0 102.3 206.1 88.0 . 1365 294 
109 17 326.3 11.9 216.8 106.1 , 195.1 . 91.2 1381 283 
109 18 339.6 14.5 212.1 118.4 190.9 101.8 1381 235 
109 19 296.5 10.1 238.0 . 100.7 214.2 86.6 1378 202 
110 1 322.5 14.2 132.4 78.1 119.2 67.2 1460 613 
110 2 318.2 11.2 125.8 69.4 113.2 59.7 1394 : 674 
110 3 365.0 11.7 175.3 95.8 157.8 82.4 1377 644 
110 4 324.0 10.5 119.9 67.2 107.9 57.8 1357 692 
110 5 343.7 11.3 210.2 122.1 189.2 • 105.0 , 1328 632 
110 6 404.4 12.6 175.6 94.3 158.0 81.1 1368 646 
110 7 380.3 11.9 212.5 114.5 191.3 98.5 1341 . 601 . 
110 8 374-4 13.2 226-7 46.8 204.0 . 40.2 1371 528 
110 9 388.2 13.7 258.2 46 .  8 232.4 40.2 1392 529 
110 10 357.2 12.5 216.0 38.4 194.4 33.0 1352 541 
110 11 : 304.0 10.5 224.0 40.7 201.6 35.0 1332 569 
110 12 244.5 7.8 239.5 43.0 215.5 37.0 1368 469 
110 13 276.7 8.5 251.2 46.6 . 226. 1 40.1 , 1400 456 
110 14 297.0 9.4 245.0 . 46.9 220.5 40.3 1425 .376 
110 15 260.3 9.6 258.1 , 47.3 232.3 40.7 > 1401 . 447 
110 16 241.4 12.3 286.1 53.1 257.5 45.7 1439 339 
110 • 17 277.6 13.7 267.7 45.7 240.9 39.3 1479 382 
110 18 257.5 10,1 274.3 49.3 246.9 42.4 1432 300 
110 19 268.6 9.5 285.3 51.3 256.8 44. 1 . 1460 . 383 • 
111 • 1 340.5 10.5 164.6 96.7 148.1 83.2 1386 621 
111 2 364.9 11.6 184.6 102.8 166.1 . 88.4 . 1370 578 
• 111 3 358.5 11.0 216.0 123.8 194.4 106.5 1377 534 : 
• 111 4 348.4 12.0 197.8 112.4 178.0 . 96.7 1400 562 
111 5 379.8 12.7 217.5 127.8 195.7 109.9 1447 523 • 
111 6 366-6 10.9 232.4 - 129.1 209.2 111.0 1452 549 
111 7 334.9 12.3 201.5 116.2 181.4 99.9 1424 . 582 
111 3 320.7 10.9 238.1 43.8 214.3 37.7 1435 462 
111 9 329-9 10.2 259*1, 47.3 233.2 40.7 1433 • 451 
111 10 316.8 10.6 258.3 47.6 232.5 40.9 1489 466 
111 11 298.2 9.3 268.9 49.6 242.0 42.7 1472 484 
111 12 277.7 9.1 263.6 48.5 237.2 41.7 1427 419 
111 13 322.1 10.3 261.3 48.2 235.2 41.5 1459 291 
i l l  14 329.0 9.7 291.3 54.8 262.2 47.1 1462 298 
111 15 304.0 9.4 287.6 52.4 ,258.8 45.1 : 1472 184 ; 
111 16 308.2 9.6 296.3 55.0 266.7 47.3 1462 375 
111 17 317.5 9.7 289.1 54.5 260.2 46.9 1447 335 
111 18 299.3 9-4 299.8 55-6 269.8 47.8 1446 153 
111 19 277.7 9.1 295.6 54.8 266.0 47.1 1450 . 278 
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112 1 361.3 • 12.6 178.4 98.6 160.6 84.8 1540 329 
112 2 417.5 20.2 196.9 112.6 177.2 96.8 1585 246 
112 3 433.8 14.6 227.1 126.4 204.4 108.7 1576 368 
112 4 448.8 15.3 209.7 120.8 188.7 103.9 1582 227 
112 5 454.2 15.3 • 226.9 131.5 204.2 113.1 1607 : 210 
112 6 463.6 15.7 221.7 125.0 199.5 107.5 1527 314 
112 7 469.3 16.0 237.2 136.3 213.5 117.2 1575 323 
112 a 443.2 15.3 266.9 88.4 240.2 76. 0 1543 249 
112 9 416.6 11.5 297.0 55.3 267.3 47.6 . 1583 198 
112 lb 420.7 13.4 278.9 54.6 251,0 47.0 1580 164 
112 11 390.1 16.7 290.2 53.9 261.2 46.4 1580 172 
112 12 406. 7 13.2 296.1 54.6 266.5 47.0 1562 229 
112 13 390.0 14.5 290.5 53.9 261.4 46.4 1529 281 
112 14 380.2 12.5 293.3 53.9 264.0 46.4 1523 437 
112 15 375.6 11.6 289.6 53.2 260.6 45.8 1552 ; 450 
112 16 389.0 12.6 282.7 52.5 254.4 45.1 1521 473 
112 17 338.0 12.2 282.1 53.2 253.9 45.8 1503 518 
112 18 301.0 8.4 282.6 51.8 254.3 44.5 1486 565 
112 19 319.9 10.8 275.6 51.8 248.0 44.5 1499 472 
113 • 1  ; 321.2 13.0 140.8 79.3 126.7 68.2 1179 670 
113 2 344.4 12.6 144.3 84.6 129.9 72.8 1171 644 
113 3 321.3 11.1 150.7 76.4 135.6 65.7 1179 682 . 
113 4 335.6 11.0 176.0 101.5 158.4 87.3 1158 635 
113 5 340.0 11.3 173.7 101.7 . 156.3 87.5 1181 . 652 
113 6 316.2 10.4 218.0 115.7 196.2 99.5 1185 583 
113 7 325.8 12.0 161.3 112.2 145.2 96.5 1194 528 
113 8 271.0 10.1 157.4 70.9 141.7 61.0 1202 523 
113 9 269.4 10.3 158.0 . 72.3 142.2 62.2 1159 549 
113 10 249.0 9.9 159.6 71.1 143.6 61.1 1159 574 . 
113 11 224.0 9.4 156.2 71.4 140.6 61.4 1131 449 
113 12 229.4 10.5 153.6 68.1 133.2 58.6 1141 456 
113 13 243.5 9.8 154.7 70.0 139.2 60.2 1170 360 . 
113 14 227.4 9.3 157.5 70.7 141.7 60.8 1151 447 
113 15 231.5 8.3 155.2 70.0 . 139.7 60.2 1160 352 
113 16 199.2 6.9 154.0 69.3 138.6 59.6 1151 360 
113 17 216,0 7.9 154.7 70.0 139.2 60.2 1116 311 
113 • 18 226.4 8.7 152.6 68. 6 137.3 59.0 1129 394 . 
113 19 215.6 8.3 149.9 67,6 134.9 58.1 1137 359 
114 1 423.7 15.1 200.7 113.3 180.6 97.4 1315 599 
114 2 : 432.2 15.4 208.0 119.8 187.2 103.0 1324 626 
114 3 415.9 13.7 200.4 115.5 180.4 99.3 1302 646 
114 4 395.2 13.1 193.6 110.6 174.2 95.1 1268 645 
114 5 379.1 11.4 213.4 121.0 192.1 104.1 1295 628 
114 6 399.6 13.5 211.8 124.6 190.6 107.2 1280 569 
114 7 394.6 14.8 222.2 127.3 200.0 109.5 1324 T 647 
114 8 364.5 12.7 246.4 37.2 221.8 32.0 1282 596 
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114 9 295.2 • 10.5 262.0 0.0 235.8 0-0 1226 543 
114 10 282.4 10.7 280.5 0.0 252.4 0.0 1263 571 , 
114 11 270.1 10.8 319.9 0.0 287-9 0.0 1246 . 501 
114 12 219.6 7.7 256.9 0.0 231.2 0.0 1288 573 
114 13 194.5 6.8 278.3 0.0 250.5 0.0 1311 556 
114 14 212.7 7.6 270.0 0.0 243.0 0.0 1277 540 . 
114 15 179.4 6.7 . 241.8 0.0 217.6 0.0 1265 429 
114 16 194.4 7.2 264,4 0.0 238.0 0.0 1273 r 469 
114 17 173.3 6.5 267.4 0.0 240.7 0.0 1328 467 
114 18 169.6 6.5 246.2 0.0 221.6 0=0 1308 455 
114 19 148.3 6.0 . 225.2 25.5 202.7 21.9 1250 351 . 
115 1 428.0 16.1 149.4 83.7 134.5 72.0 1271 623 
115 2 411.4 13.9 167.8 96.7 151.0 83.2 1255 589 
115 3 379.0 14.0 171.9 97.5 154.7 > 83.8 1269 620 
115 4 356.5 12.7 180.7 103.9 162.6 89.4 1273 588 
115 5 357.7 11.9 193.0 113.3 173.7 97.4 1282 624 
115 6 341.1 11.7 193.7 • 108.8 - 174.3 93.6 1298 667 
115 7 310. 1 10.6 170.4 99.6 153-4 85.6 1274 653 
115 8 306.5 8.3 188.1. 81.1 169-3 69.7 1283 644 
115 9 281.3 11.3 173.3 79.7 156-0 68.5 1285 684 
115 10 273.5 10.0 195.4 86.0 175-9 74.0 1287 639 
115 11 270.5 8.2 199.4 89.7 179-5 77.1 1289 649 
115 12 279.6 10.0 195.2 89.2 175.7 76.7 1273 ' 585 
115 13 278.3 10.0 185.1 86.3 166.6 74.2 1263 573 
115 14 260.4 8.6 187.8 87.6 169.0 75.3 1243 520 . 
115 15 231.5 8.9 196.7 88.9 177.0 76.5 1253 - 420 
115 16 242.7 7.7 194.3 88.2 174.9 75.9 1284 458 
115 17 242.2 9.0 195.0 88.2 175.5 75.9 1284 510 . 
115 18 225.8 7.4 189.3 86.8 170-4 74.6 1283 • 466 
115 19 226.5 8.3 186.9 86.1 168-2 74.0 1277 457 
116 1 275.2 12.8 95.2 58.9 • 85-7 50.7 1135 656 
116 2 306.2 11.8 133.1 82.8 119.8 71.2 1110 . 658 
116 3 269.6 9.3 128.1 58.6 115-3 • 50.4 1122 671 
116 4 327.3 13.3 162.3 92.4 146-1 . 79.5 1120 646 
116 5 321.6 11.9 161.1 . 86.8 145-0 74.6 1142 645 
116 6 305.8 9.6 229.1 134.8 206-2 115.9 1143 • 567 -
116 7 335.7 10.8 191.1 118.6 172-0 102.0 1177 528 
116 8 360.6 13.6 200.0 83.6 • 180-0 , ,  71.9 1197 521 
l i e  9 296.4 10.9 176.1 . 80.4 158-5 69.1 1186 .558 
116 10 225.0 10.9 149.7 69.3 • 134-7 59.6 1170 564 
116 11 244.2 8-8 178.1 78.1 , 160-3 . 67.2 1184 440 
116 12 280.2 9.0 211.8 96.1 . 190-6 82.6 1203 451 
116 13 271.9 8-3 204,4 92.0 184-0 79.1 1209 362 
116 14 269.0 9.2 207.0 94.4 186-3 81.2 1236 427 
116 15 256.8 9.1 212.1 98-3 190.9 84-5 1212 364 
116 16 250.4 8-7 185,3 87-3 166.8 75.1 1220 343 
328 
TABLE 43, (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
116 17 276.4 10.1 209.6 101.9 188.6 87.6 1202 338 
116 18 299.2 9.9 222.4 100.8 200.2 86.7 1217 374 
116 19 291.2 11.5 200.6 93.3 180.5 80.2 1224 376 
117 1 : 327.4 14.8 132.1 85.7 118.9 73.7 1365 525 
117 2 339.2 17.9 164.3 92.8 147.9 - 79.8 1291 539 
117 3 • 334.7 16.4 172.4 102.6 155.2 88.2 1296 566 
117 4 296.6 11.4 .181.0 100.4 162.9 86.3 1265 478 
117 5 322.5 12.2 177.2 100.6 159.5 86.5 1257 463 
117 6 329.0 11.8 206.6 115.2 185.9 99.1 1258 407 
117 7 336.2 12.8 197.4 112.0 177.7 96.3 1253 420 
117 8 300.4 12.3 166.6 74.9 149.9 64.4 1229 339 
117 9 288.5 11.3 166.6 74.9 149.9 64.4 1262 382 
117 10 270.3 10.0 165.2 74.7 148.7 64.2 1196 300 
117 11 269.0 8.9 163.8 73.5 147.4 63.2 1224 383 
117 12 252.8 7.5 163.8 73.5 147.4 63.2 1204 377 
117 13 264.3 7.9 161.7 72.8 145.5 62.6 1192 350 
117 • 14 262.4 8.8 158.7 73.5 142.8 63.2 1219 363 
117 15 247.0 8.4 158.4 72.9 142.6 62.7 1178 374 
117 16 231.4 7.9 159.4 72.1 143.5 62.0 1191 248 
117 17 234.5 8.3 160.3 72.1 144.3 62.0 1194 344 
117 18 204.2 7.2 152.0 71.4 136.8 61.4 1244 312 
117 19 • 195.2 6.9 157.5 70.8 141.7 60.9 1231 265 
118 • 1  ; 306.2 11.2 195.0 114.6 175.5 98.6 1263 621 
118 2 313.7 10.9 205.0 115.3 184.5 99.2 1259 578 
118 3 322.4 9.6 221.6 125.3 199.4 • 107.8 1273 534 
118 4 285.0 . 9 .6 206.6 119.1 185.9 102.4 1294 562 
118 5 302.3 11.9 202.1 116.2 181.9 99.9 1307 523 
118 6 288.4 10.1 220.2 123.4 198.2 106.1 1303 ' 549 
118 7 301.5 8.9 243.1. 139.5 218.8 119.9 1344 582 
118 8 291.5 9.0 230.7 103.8 207.6 89.3 1335 462 
118 9 276.9 8.4 231.2 102.4 208.1 88.1 1323 451 
118 10 261.6 8.6 245.7 112.6 221.1 96.8 1361 466 
118 11 267.9 8.6 228.8 105.0 205.9 90.3 1345 484 
118 - 12 260.2 9.4 206.5 92.8 185.8 79.8 1310 419 
118 13 227.2 7-0 224.2 104.5 201.8 89.9 1352 291 
118 14 238.2 6.9 237.5 103.8 213.7 89.3 1371 298 
118 15 233.9 7.3 242.7 108.2 218.4 93.1 1370 184 
118 16 220.7 8.4 241.2 107.8 217.1 92.7 1383 375 
118 17 222.5 7.9 236.8 107.9 213.1, 92.8 1364 335 
l ia 18 194.0 7.0 244.3 108.8 219.9 93.6 1374 • 153 
118 19 193.6 5.8 243.3 109.2 219.0 . 93.9 1388. 278 
119 i  :: 330.4 11.8 174.5 101.9 157.0 87.6 1389 529 
119 2 337.6 11.9 172.4 96.7 155.2 83.2 1397 541 
119 3 305.6 12.1 166.8 94.0 150.1 . 80.8 1410 569 
119 4 298.2 9.7 164.5 94.8 148.0 81.5 1350 469 
119 5 297.1 8.5 191.7 110.7 172.5 95.2 1394 456 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
119 6 320-8 10.4 201-5 116.9 181-3 100-5 1385 376 
119 7 286.6 10.9 144-6 84.5 130.2 72-7 1384 447 
119 8 300-8 10.6 109-2 111.3 98.3 95.7 1318 352 
119 9 272-0 9.3 109-9 112.0 98-9 96.3 1301 ; 360 
119 10 231.9 8.4 • 108-5 110.6 97-6 95.1 1272 311 
119 11 239-2 8.8 107-1 109.9 96-4 94.5 1278 . 394 
119 12 272.2 9.9 107-8 109.9 97-0 94.5 1254 359 
119 13 226.6 7.9 106-4 108.5 95.8, 93.3 1269 364 
119 14 209.2 7.3 107-1 - 109.2 96.4 93.9 1272 369 
119 15 220.9 8.2 105-7 107-8 95-1 , 92-7 1293 362 
119 16 185.6 6.6 105-0 107.2 94.5 92-2 1299 251 
119 17 175-8 6.0 105-0 107.4 94.5 92-4 1273 .338 
119 18 177.4 6-4 104-3 106.4 93-9 91-5 1302 308 
119 19 171.0 5-9 103-6 105.7 93-2 90.9 1299 261 
120 • 1  370.3 11-5 194-3 112.7 174-9 96-9 1242 376 
120 2 344.0 9-9 197-3 108.4 177-6 93-2 1230 447 
120 3 326.6 10.8 218.2 125.1 196-4 107-6 1262 339 
120 4 335.7 11-9 235.1 132.9 211-6 114-3 1252 382 
120 5 303.6 11-1 . 183-8 105.7 165.4 90-9 1269 300 
• 120 6 312.4 11-4 203-5 116.0 183-1 99-8 1258 383 
120 7 354.9 12-0 215-3 122.5 193-8 105-3 1248 377 
120 a 331.6 10-8 219.6 40.6 197.6 34-9 1252 364 
120 9 268.6 8-6 215.0 39-1 . 193.5 33.6 1219 369 
120 10 250.2 8.3 211.5 39-8 190.3 34.2 1205 362 
120 • 11 222-0 8-0 215.7 39-3 194.1 33.8 1221 251 
120 12 241.5 9.5 221.2 40.6 199.1 34.9 1260 338 
120 13 228.6 8.4 195.9 36.5 176.3 31.4 1241 : 308 
120 14 226-0 7-3 213.5 39.4 192.1 33.9 1275 261 
120 15 217-0 8-3 217.0 39.9 195.3 34.3 1246 271 
120 16 215.8 7-3 215.8 39.9 194.2 34.3 1235 233 
120 17 192.6 6.2 214.6 39.9 193.1 34.3 1265 171 
120 18 203.4 6.8 210.7 39.2 189.6 33.7 1266 285 
120 19 183.0 6-5 212.1 39.2 190.9 33.7 1247 . 344 
• 121 • 1  446.0 16-1 236.0 136.7 212-4 117-6 1356 174 
121 2 469-7 19-9 240.0 135.0 216.0 116.1 1320 308 
121 3 ' 506.9 13.3 256.2 147.0 230.6 126.4 1346 249 
121 4 485.0 15-1 271-5 154.5 244.3 132.9 1339 258 
121 5 442.6 11-8 274.0 157.6 246.6 135.5 1374 205 
121 6 432.7 13-5 268.2 • 153.1. 241.4 131-7 1337 262 
121 7 457.0 18.0 254.4 147.5 228.9 126.9 1325 310 
121 8 456.6 17.3 195.8 96-4 176.2 82.9 1326 356 
121 9 346.5 11.1 170.1 76-3 153.1 65.6 1278 374 
121 10 341.8 10.9 168.0 75-6 151.2 65.0 1275 368 
121 11.: 337.6 10-3 166.6 74-9 149-9 • 64. 4 1265 449 
121 12 298.9 10-6 167.3 75-6 150-6 65.0 1227 443 
121 13 277.8 11-8 165.2 74.2 148.7 63.8 1223 439 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
121 14 301.9 10.3 154.7 74.9 139.2 64.4 1238 492 
121 15 262-7 8.1 163.8 73.5 147.4 63.2 1244 420 
121 16 285.6 7.9 163.1 73.5 146.8 63.2 1219 417 
121 17 273.5 8.3 163.8 73.5 147.4 63.2 1208 531 
121 18 275.1 9.4 161.7 72.8 145.5 62.6 1215 560 
121 19 240.5 8.1 157.3 72.1 141.6 62.0 1209 519 
122 1 344.4 13.2 132.0 75.0 118.8 64.5 1436 362 
122 2 352.2 16.9 156.2 87.4 140.6 75.2 1402 427 
122 3 346.4 14.6 154.8 90.8 139.3 78.1 1407 364 
122 4 329.1 14.7 158.3 91-6 142.5 78-8 1386 343 
122 5 344. 6 12.5 160.4 94.5 144.4 81.3 1371 • 338 
122 6 374.2 9.3 169.9 94.0 152.9 80.8 1390 374 
122 7 318.2 10.4 155.4 86.4 139.9 74.3 1358 376 
122 8 293.3 9.8 215.2 40.6 193.7 34.9 1376 348 
122 9 291.2 12.2 205.6 38.5 185.0 33,1 1347 384 
122 10 301.8 12.2 207.9 38.1 187.1 32.8 1351 318 
122 11 279.2 10.7 223.0 41.0 200.7 35.3 1405 260 
122 12 282.5 10.6 204.2 40.0 183.8 34.4 1383 356 
122 13 234.8 8.2 204.7 38.3 184.2 32.9 1369 273 
122 14 251.6 8-0 211.1 . 39.1 190.0 . 33.6 . 1360 282 
122 15 265.0 8.6 225.2 40.4 202.7 34.7 1359 289 
122 16 245.2 8.5 220.2 40-6 198.2 34.9 1372 192 
122 17 224.9 8.2 219.1 41.3 : 197.2 35-5 1377 171 
122 18 234.4 7.4 221.0 40.8 198.9 35-1 1341 369 
122 19 233.0 7.8 222.6 40.8 200-3 • 35.1 1389 294 
123 - 1  413.3 17.3 178.3 104.0 160.5 89.4 1407 447 
123 2 411.8 16.4 182.8 105.5 164.5 90.7 1367 339 
123 3 371.2 13.7 190.1 106.0 171.1. 91.2 1398 382 
123 4 366. 6 12.4 202-1 115.4 181.9 99.2 884 300 
123 5 420.4 - 14.5 218.4 126.1 196.6 108.4 1390 383 
123 6 437.8 13.9 210.4 121.1 189.4 104. 1 1373 377 
123 7 441. 6 12.6 210.5 119.2 189=5 102.5 1354 350 
123 8 419.8 12.4 202-8 91-8 182.5 78.9 1350 369 
123 9 392.0 11.7 205.2 91.3 184.7 78.5 1318 362 
123 10 383.6 11.4 221.2 99.7 199.1 85.7 1306 251 
123 11 391.1 11.6 210.7 95.0 189.6 81.7 1366 338 
123 12 341.7 10.2 194.0 84.7 174.6 72.8 1369 308 
123 13 336.0 . 9 .7 200.9 89.0 180.8 76.5 1332 261 
123 14 357.8 11.1 209.4 96.0 188.5 82.6 1332 271 
123 15 315-0 10.6 199.7 87.0 179.7 74.8 1352 233 
123 16 310.9 10.8 179.4 83.5 161.5 71*8 1338 171 
123 17 309.6 10.9 180.1 . 81.6 162*1 70.2 1333 285 
123 18 292-2 10.3 171.3 79.0 154.2 67.9 1290 344 
123 19 259-7 9.2 148.1 63.4 . 133.3 • 54.5 1318 283 
124 1 . 499.6 19.4 217.8 117.1 . 196.0. 100.7 1449 202 
124 2 524.3 19.8 215.5 • 124.4 . 193.9 107.0 1461 265 
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TABLE 43. (CONTINUED). 
N O  WEEK MILK . BFAT HAY GRAIN HE GE WEIGHT TEMP 
124 3 • 544.7 19.8 217.8 123-2 196-0 106-0 1399 320 
124 . 4 525.5 15.9 228-6 125.6 205-7 108-0 1441 286 
124 5 543.6 17.4 232-3 130.2 209-1 112-0 1395 404 
124 6 525.7 17.8 224-8 133-8 202-3 115-1 1396 351 
124 7 518.0 15.8 224-3 124-1 201-9 106-7 1416 413 
• 124 8 514.9 14.8 186-5 157-6 167-8 135-5 1383 464 
124 9 507.7 15.8 . 157-7 164-4 141-9 141-4 1385 404 
124 10 470.0 17.1 155.2 161-7 139-7 139-1 1369 526 
124 11 503.3 16.0 156-8 159.6 141-1 137-3 1327 396 
• 124 12 - 473.0 15.4 156.8 159-6 141.1 137-3 1325 411 
124 13 469.2 13.4 154-7 157.5 139-2 135-4 1319 522 
124 14 426.9 11.3 156-1 158-9 140-5 136-7 1305 581 
124 15 410.0 10.2 153-0 156-8 137-7 134-8 1343 521 
124 16 439.6 12.2 152-6 155.4 137-3 133-6 1296 529 
124 17 423.5 11.3 152.6 155.4 137.3 133-6 1340 540 
124 18 395.6 13.5 150.5 153.3 135.4 131-8 1376 578 
124 19 408.1 11.8 147-8 152.6 133.0 131-2 1257 595 
125 1 . 292.5 9.2 176-2 109.5 158.6 94-2 1517 569 
125 2 292.3 7.9 186-3 103-4 167.7 88.9 1519 563 
125 3 ' 358.7 9.3 221-5 127*1, 199.3 109.3 1548 612 
125 4 418.8 • 13.5 200-4 109.7 180-4 94.3 1556 529 
125 5 420.0 12.8 217-7 122.3 195.9 • 105.2 1566 595 
125 6 424.5 15.9 235.0 131.4 211.5 - 113.0 1551 . 566 
125 7 454. 1 16.4 208.6 121.6 187.7 104.6 1535 653 
125 8 415.5 18-2 178.5 180.9 160.6 155.6 1535 623 
125 9 404.0 10.8 - 158-8 161.0 142.9 138.5 1520 607 
125 10 435.0 11.2 168-4 175.7 151.6 151.1 1511 622 
125 11 449.0 12.2 175-9 180.8 158.3 155.5 1543 • 606 
125 12 438.2 11.7 176.2 • 181.9 158.6 156-4 1552 641 
125 13 419.1 12.6 176.3 182.3 158.7 - 156-8 1551 623 
125 14 425.6 13.6 176.9 177.5 159.2 152.6 1534 ; 615 
125 15 392.8 15.4 158.2 153.0 142.4 131.6 1522 632 
125 16 405.2 14.9 182.5 183.5 164.2 - 157.8 1506 658 
• 125 17 423.5 16.3 185.0 187.5 166.5 161-2 1513 584 
125 18 384.0 13-6 186-7 192.7 168.0 165.7 1524 612 
125 19 376.0 11.7 193.0 193.3 173.7 166-2 1543 550 
126 • 1  364.2 23.6 148.5 84.0 133.6 72.2 1610 370 
126 2 392.1 22-6 172.1 98-3 154.9 84-5 1599 388 
126 3 401.4 17-7 208.4 122-4 : 187.6 105-3 1606 364 
126 4 357.2 13-3 182.0 90-1 . 163.8 77-5 1660 331 
126 5 378.4 14-0 202.6 119-2 182.3 102-5 1578 382 
126 6 393.3 14-7 215.0 120-7 193-5 103-8 1554 . 349 
126 7 402.8 14-1 222.7 126-8 200-4 109-0 1568 348 
126 8 400.0 13-8 140.5 143-5 126-4 123.4 1569 368 
126 9 372.0 12-9 141.4 - 144-2 127-3 124-0 1516 389 
126 10 353.5 12-2 138-4 142-8 124-6 122-8 1515 282 
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NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
126 11 : 335.8 11.6 137.2 141-4 123.5 121.6 1535 295 
126 12 345,8 11,9 138-6 141-4 124.7 121.6 1541 ; 339 
126 13 341-0 11.3 136.5 140-5 122-8 120.8 1529 264 
126 14 322-6 11.3 137.7 140.5 123-9 120.8 1577 296 
126 15 270-3 11.0 136.4 139.2 122-8 119.7 1538 265 
126 16 281.2 11-5 135.3 137.9 121-8 118.6 1547 176 
126 17 285-0 11.4 135.1 137.9 X 213 6 118. 6 1546 190 
126 18 280-1 11.0 133.6 136.5 120-2 117.4 1563 412 
126 19 317-8 11.0 133.1 135.8 119.8 116.8 1564 263 
127 • 1  296-2 15.7 140.6 78.7 126.5 67.7 1183 312 
127 2 353.0 13.7 167-5 96.6 150.7 83.1 1206 394 
127 3 387.2 14.2 171.3 97-5 154-2 83.8 1224 360 
127 4 383.4 15.2 167-6 97.1 150.8 83.5 1188 335 
127 5 406.7 14.8 167.0 95.2 150.3 81.9 1208 368 
127 6 373.2 13.4 168.2 94.3 151.4 81.1 1163 389 
127 7 364.9 13.1 174.6 101.1 157.2 87.0 1176 282 
127 a 382.6 13.7 166.1 167.1 149.5 143.7 1206 326 
127 9 371-5 13.3 155.8 156.8 140.2 • 134.8 1226 322 
127 10 343-6 12.2 159.7 168.2 143-7 144.7 1210 264 
127 11 353-0 12.5 154.3 162.4 139.3 139.7 1227 291 
127 12 331-8 13.2 133.3 129.4 120.0 111.3 1237 256 
127 13 315-8 13-2 149.6 148.7 134.6 127.9 1188 177 
127 14 325-4 12.3 142.6 138.8 128.3 119.4 1192 211 
127 15 302-8 11.5 134.7 85.1 121.2 73.2 1162 399 
127 16 296.8 10.8 134.0 '  135.7 120.6 116.7 1176 265 
127 17 283-3 10.8 137-8 137.1 124.0 117.9 1185 270 
127 18 271.3 10.1 154-3 157.6 138.9 135.5 1207 304 
127 19 305.0 11.1 167-0 174.0 150.3 149.6 1216 371 
128 1 383.7 14-3 200-5 114.6 180.4 98.6 1225 467 
128 2 : 415-7 14.0 208-5 120.3 187.6 103.5 1232 456 
128 3 387.0 12.7 187.7 108.4 168.9 93.2 1248 470 
128 4 407.4 13.2 196-4 113.3 176.8 97.4 1212 384 
128 5 419.5 14-3 212-4 123-1 . 191.2 105.9 1265 324 
128 6 373.2 14.1 222-1 125.4 199.9 107.8 1269 237 
128 7 353-2 11.1 225-5 128.1 202.9 110.2 1266 238 
128 8 340-1 11-6 158-6 136.2 142.7 117.1 1214 364 
128 9 330.1 11.4 140-7 144.2 126.6 124.0 1239 270 
128 10 316.2 11.8 139.5 142-4 125.5 122.5 1235 172 
128 11 305.3 10.9 137-9 140.7 124.1. 121.0 1218 322 
128 12 310.1 10.8 138-6 141-4 124.7 121.6 1224 233 
128 13 295.8 - 9.8 136-5 139-3 122.8 119.8 1217 267 
128 14 292.5 9.6 137.2 140.0 123.5 120.4 1229 204 
128 15 271.8 9.3 135-8 138.6 122.2 119.2 1244 274 
128 16 261.3 8.6 134-4 137.2 121-0 118.0 1240 284 
128 17 255.7 8-,l  133-1 137.9 119-8 118.6 1275 356 
128 18 230.5 7.4 133.0 135.8 119.7 116.8 1255 374 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY . GRAIN HE GE WEIGHT TEMP 
128 19 218.8 7.0 132 = 3 135.1 119.1 116.2 1267 : 368 
129 1 410.5 16.2 149.8 87.2 134.8 75.0 1131 487 
129 2 418.4 14.6 185.7 104.3 167.1 89.7 1136 456 
129 3 431.3 15.0 184.5 108.9 166.0 93.7 1126 477 
129 4 402.0 13.7 181.8 102.9 163.6 88.5 1080 581 
129 5 415.0 13.4 193.7 - 109.1 174.3 93.8 1098 572 
129 6 383.3 12.2 198.8 111.7 178.9 96.1 1115 596 
129 7 381.2 11.7 196.2 115.7 176.6 99.5 1188 611 
129 8 341.7 11.0 160.7 122.6 144.6 105.4 1114 649 
129 9 340.8 10.5 125.9 • 128.7 113.3 110.7 1086 573 
129 10 334.6 • 10.3• 124.5 127.3 112.0 109.5 1069 562 
129 11 323.3 10.3 123.3 125.5 111.0 107.9 1133 625 
129 12 309.9 9.6 123.2 125.9 110.9 108.3 1132 596 
129 13 287.8 9.2 122.0 124. 8 109.8 107.3 1114 626 
129 14 291.0 9.3 122.3 124.5 110.1 107.1 1112 585 
129 15 294. 5 8.4 120.7 123.4 108.6 106.1 1096 633 
129 16 249.4 7.7 119.8 122.0 107.8 104.9 1118 647 
129 17 255.2 8.0 119.7 122.4 107.7 105.3 1115 652 
129 IS 268.7 8.4 118.5 120.7 106.6 103.8 1093 ' 587 
129 19 263.0 8.8 117.7 119.8 105.9 103.0 1112 . 619 
130 1 449.9 15.1 173.1 98.7 155.8 84.9 1247 595 
130 2 433.0 14.2 194.6 109.3 175.1 94.0 1247 649 
130 3 408.0 . 16.5 214.0 125.4 192.6 107.8 1261 624 
130 4 436.5 14.1 209.5 116.6 188.5 100.3 1281 600 
130 5 429.5 12.0 225.3 130.0 202.8 111.8 1274 : 623 
130 6 393.6 11.9 233.0 131.7 209.7 113.3 1276 586 
130 7 411.1 15.9 225.9 129.7 203.3 111.5 1269 608 
130 8 383.7 11.9 227.4 - 108.4 204.7 93.2 1290 636 
130 9 334.8 10.3 212.8 97.8 191.5 84.1 1285 678 
130 10 345.5 11.3 208.1 91.3 187.3 78.5 1266 652 
130 11 341.6 12.9 224.4 101.5 202.0 87.3 1275 645 
130 12 316.1 10.0 227.7 99.9 204.9 85.9 1266 678 
130 13 333.4 10.0 230.4 105.1 207.4 90.4 1271 625 
130 14 341.3 10.3 236.5 105.0 212.8 90.3 1263 639 
130 15 342.6 11.1 . 232.3 105.0 209.1 90.3 1263 566 
130 16 357.2 11.8 221.4 99.5 199.3 85.6 1222 576 
130 17 343.3 10.4 230.9 103.8 207.8 89.3 1252 - 481 
130 18 315.5 10.2 227.6 102.9 204.8 88.5 1243 451 
130 19 307.2 10.5 226.1 102.2 203.5 87.9 1252 471 
133 1 486.5 23.8 216.7 122.7 195.0 105.5 1304 ; 601 
131 2 . 439.5 17.6 249.3• 143.6 224.4 123.5 1274 563 
131 3 453.6 13.6 251.9 138.0 226.7 118.7 1333 534 
131 4 456.5 23.5 257.3 148.2 231.6 127.5 1338 539 
131 • 5  432.0 15.6 251.7 140.7 226.5 121.0 1344 531 
131 6 468.6 14.2 266.3 152.6 239.7 131.2 1308 471 
131 7 417.5 11.6 260.4 148.4 234.4 127.6 1331 450 
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NO WEEK MILK 8FAT HAY GRAIN HE GE WEIGHT TEMP 
131 8 409.6 14.3 296.7 53.4 267.0 45-9 1316 398 
131 9 394.0 15.4 306.5 55.9 275.8 48-1 1299 423 
131 10 394.3 12.6 288.7 54.1 259.8 46.5 1294 422 
131 11 365.6 11.0 281.6 51.2 253.4 44.0 1281 434 
131 12 357.0 10.8 327.6 59.6 294.8 51.3 1331 : 341 
131 13 331.3• 11.2 333.6 61.2 300.2 52.6 1298 259 
131 14 340.3 11.6 343.5 63.4 309.1 54.5 1277 297 
131 15 357-, 3 11.2 348.7 64.0 313.8 55.0 1308 277 
131 16 374.5 11.1 344.2 63.6 309.8 54.7 1335 286 
131 17 366.5 12.5 353.4 65.0 318.1, 55.9 1327 355 
131 18 376.0 12.5 351.6 63.1 316.4 54.3 1327 374 
131 19 365.0 11.1 348.1 64.2 313.3 55.2 1343 295 
132 1 424.4 19.3 167.0 94.8 150.3 81.5 1260 574 
132 2 432.2 17.6 180.7 103.3 162.6 88.8 1253 582 
132 3 433.7 15.4 205.0 117.5 184.5 101.0 1294 599 
132 4 404. 4 • 16.0 163.4 93.7 147.1 80.6 1251 643 
132 5 388.4 13.6 183.8 105.0 , 165.4 90.3 1205 615 
132 6 428.4 14.0 193.8 112.5 174.4 96.7 1230 578 
132 7 428-6 14.9 218.6 123.4 196.7 106.1 1254 579 
132 8 348.1 12.3 238.7 0.0 214.8 0.0 1295 598 
132 9 300.4 10.8 265.0 0.0 238.5 0.0 1273 621 
132 - 10 271.5 9.4 264.8 0.0 238.3 0.0 1279 586 
132 11 228.7 7.5 257.8 0.0 ' 232.0 0.0 1277 621 
132 12 227.3 7.6 225.3 0.0 •202.8 0.0 1250 646 
132 13 196.1 6.8 238.0 p.o 214.2 0.0 1255 645 
132 14 187.7 6.5 245.5 0.0 220.9 0.0 1244 635 
132 15 192.3 6.6 261.0 b-0 234.9 0.0 1297 561 
132 16 187.8 6.6 268.8 0.0 ; 241.9 0,0 1288 648 
132 17 211.4 7.5 263.4 0-0 237-1 0.0 1240 617 
132 18 219.9 6.9 270.0 o.e 243.0 0.0 1234 550 
132 19 190.1 5.9 276.2 0.0 • 248.6 0.0 1290 548 
133 1 310.3 10.5 155.2 . 89.8 ^ 139.7 77.2 1270 653 
133 2 339.5 11.0 178.7 99.4 ; 160.8 85.9 1310 636 
133 3 • 359.4 11.9 196.8 112.0 177.1 96.3 1326 591 
133 4 378.5 12.0 200-3 • 113.8 180.3 97.9 1348 572 
133 5 378.9 11.3 210-0 119.7 189.0 102.9 1348 547 
133 6 386.0 13.8 210-0 119.7 • 189.0 102.9 1367 413 
133 7 367.3 11.7 225-7 130.5 203.1 112.2 1364 469 
133 8 373.0 12.8 156-8 160.3 141.1 137.9 1398 510 
133 9 346.5 13.3 157-5 161-0 141.7 138.5 1381 466 
133 10 334.0 12.1 155.4 158.9 ; 139.9 136.7 1345 457 
133 11 332.6 13.0 153.3 156.8 138.0 134.8 1367 386 
133 12 329.7 11.1 152.2 157.5 137-0 135-4 1376 276 
133 13 341.1 13.7 151.9 154.7 136-7 133.0 1371 410 
133 14 311.5 12.8 152-6 156.1 137-3 134-2 1364 325 
133 15 322.9 11.2 150.5 154.0 135-4 132.4 1385 371 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
133 16 326.2 12.8 140.0 152.6 126.0 . 131.2 1399 394 
133 17 310-0 11.7 149.8 153.3 134.8 131.8 1420 331 
133 18 312.8 11.7 147.7 150.5 132.9 129.4 1397 329 
133 19 290.3 11.0 146.3 149.8 131.7 128.8 1430 246 
134 1 428.0 17-5 186.2 . 104.4 167.6 89.8 1308 615 
134 2 470.0 23.4 220.4 128.5 198.4 110.5 1443 589 
134 3 489.3 17.8 226.7 129i5 204.0 111.4 1456 573 
134 4 473.8 16.6 235.3 135.0 • 211.8 116.1 1480 540 
134 5 451.2 18.7 219.3 134.9 197.4 116.0 1460 528 
134 6 429.0 16.1 224.0 129.9 ' 201.6 111.7 1485 541 
134 7 391.6 13.1 234.9 133.1. 211.4 114.5 1477 466 
134 8 390.2 12.9 135.8 138.6 122.2 119.2 1466 450 
134 9 401.2 13.7 136.5 140.0 122.8 120.4 1369 413 
134 10 385.5 11.4 134.4 137.2 121.0 118.0 1383 410 
134 11 386.2 12.8 133.7 136.5 120.3 117.4 1452 434 
134 12 373.2 12.6 133.7 136.5 120.3 117.4 1471 448 
134 13 349.2 12.3 131.6 134.4 118.4 115.6 1494 344 
134 14 327.5 11.6 133.0 135.8 119.7 116.8 1454 264 
134 15 338.5 12.2 130.9 • 133.7 117.8 115.0 1468 290 
134 16 330.2 12.1 130.3 132.5 117.3 113.9 . 1482 281 
134 17 326.5 12.7 130.2 133.7 117.2 115.0 1461 274 
134 18 301.5 11.3 • 125.5 131.6 112.9 113.2 1462 354 
134 19 309.0 11.4 . 128.1 130.9 115.3 112.6 1475 360 
135 1 397.6 16.8 161.8 92.5 145.6 79.5 1292 586 
135 2 461.1 17.8 159.6 93.8 143.6 80.7 1285 621 
135 3 419.2 12.7 174.0 101.8 156.6 87.5 1242 646 
135 4 412.9 11.6 167.0 96.7 150.3 83.2 1226 645 
135 5 413.2 15.4 166.3 92.0 149.7 79.1 1226 635 
135 6 449.9 16.2 188.2 107.2 169.4 92.2 1206 561 
135 7 434.4 10.7 • 189.1 109.5 170.2 94.2 1189 648 
135 8 435.2 13.7 195.0 91.0 • 175.5 78.3 1215 603 
135 9 417.9 14.1 202.7 91.7 182.4 78.9 1189 545 
135 10 381.4 12.4 198.9 90.3 179.0 77.7 1192 565 
135 11 327.3 12.3 - 187.0 89.6 168.3 77.1 1185 515 
135 12 307.6 12.2 172.3 89.6 155*1 77.1 1159 565 
135 13 284.9 10.2 188.6 88.2 169.7 75.9 1177 544 
135 14 321.9 11.2 197.1 88.9 177.4 76.5 1172 550 
135 15 322.0 10.5 189.6 87.5 170.6 75.2 1175 446 
135 16 318.8 9.3 193.2 86.8 173.9 74.6 1179 467 
135 17 333.7 12.5 193.9 87.5 174.5 75.2 1217 456 
135 18 321.0 9.9 191.1 86.1 . 172.0 74.0 1208 470 
135 19 308.5 9.3 181.7 85.4 163.5 73.4 1189 384 
136 1 609.8 25.2 239.9 140.4 215.9 120.7 1436 312 
136 2 647.3 23.8 253.4 143.0 228.1 123.0 1428 324 
136 3 653.0 17.9 248.3 140.8 223.5 121.1 1412 273 
136 4 589.8 17.1 252.5 149.1 227.2 128.2 1408 351 
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TABLE 43. (CONTINUED) 
NO WEEK MILK . BFAT HAY GRAIN HE GE WEIGHT TEMP 
136 5 556.3 18.7 263.7 147.2 237.3 126.6 1385 191 
136 6 579-6 25.7 255.6 147.0 230.0 . 126.4 1398 233 
136 7 540-7 23-6 260.5 148.4 234.4 127.6 1392 335 
136 8 498.8 16.2 257.5 76.4 231.7 65.7 1361 286 
136 9 475.7 16.2 287.3 61.7 258.6 53.1 1373 260 
136 10 455-9 17.7 297.2 54.7 267.5 47.0 1366 178 
136 11 437-3 18.5 289.0 53.8 260.1 46. 3 1370 146 
136 12 . 419.4 14.7 303.5 55.6 273.1 47.8 1359 207 
136 13 416-8 13.6 296.5 54.3 266.8 46.7 1355 244 
136 14 356.4 11.,9 295.4 53.9 265.9 46=4 1337 285 
136 15 390.1 12.1 . 318.0 58.8 286.2 50.6 1365 501 
136 16 404.1 . 13.3 314.9 58.3 283.4 50.1 1374 427 
136 17 396.5 12.3 327.4 59.2 294.7 50.9 1386 500 
136 18 390.7 12.2 300.7 55.7 270.6 47.9 1342 537 
136 19 392.5 12.0 211.4 120.3 190.3 103.5 1299 514 
137 1 491.5 16-6 232.3 136.4 209.1 117.3 1411 :: 338 
137 2 482-3 12-7 233.9 136.4 210.5 117W3 1463 . 354 
137 3 • 513-5 11.8 247.2 142.4 222.5 122.5 1503 • 314 
137 4 486.5 15.0 250.7 143.5 225.6 123.4 1481 220 
137 5 425.1 14.6 248.9 140.9 224.0 121.2 1493 282 
137 6 424.0 18.2 239.7 137.5 215.7 118.2 1494 324 
137 7 446.7 13.5 248.6 . 141.7 223.7 121.9 1505 381 
137 8 389.5 11.6 225.3 58.1 202.8 50. 0 1513 350 
137 9 407.5 11.0 241.5 44.1 217.3 37.9 1463 397 
137 10 385.0 11.3 238.7 44.1 214.8 37.9 1477 406 
137 - 11 •' 386.7 12.8 235.3 • 43.4 211.8 37.3 1486 361 
137 12 376.2 11.6 237.3 43.4 213.6 37.3 1456 406 
137 13 330.6 9.7 234.5 42.7 211.0 36.7 1496 391 
137 14 325.5 9.7 235.9 43.4 212.3 37.3 1467 389 
137 15 356.3 10.3 231.0 42.7 207.9 36.7 1469 409 
137 16 300.0 8.1 227.4 42.7 204.7 36.7 1440 562 
137 17 305-4 8.0 227.0 42.7 204.3 36.7 1428 455 
137 18 264.4 7.7 224.6 42.0 202.1 36.1 1447 464 
137 19 265.2 7.8 221.8 42.0 199.6 36.1 1435 543 
138 1 308.5 14.1 189.9 108.4 . 170.9 93.2 1353 540 
138 2 289.6 12.4 188.5 107.6 169.6 92.5 1375 542 
138 3 304.4 , 10.8 188.3 - 110.4 169.5 94.9 1397 . 550 
138 4 322.1 11.4 187.7 107.2 168.9 92.2 1368 564 
138 5 320.3 11.1 207.0 115.8 186.3 99.6 1371 453 
138 6 338.9 13.1 215.4 124.1 193.9 106.7 1392 ; 467 
138 7 330.2 . 13.0 197.6 113.9 177.8 98.0 1395 454 
138 8 324.9 12.6 144.0 143.8 129.6 123.7 1413 470 
138 9 338.6 12.2 167.0 177-7 150.3 152.8 1408 384 
138 10 342.0 14.2 186.0 172.4 167.4 148.3 1467 324 
138 11 301.4 15.1 200.8 204.5 180.7 175.9 1495 237 
138 12 282.1 10.6 218.2 232.2 196.4 199.7 1527 238 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY . GRAIN HE GE WEIGHT TEMP 
138 13 239.3 8.3 210.0 203.7 189.0 175.2 1513 370 
• 138 14 260.2 9.9 209.6 215.7 188.6 185.5 1500 287 
138 15 269.2 10.4 215.1 . 213.5 193.6 183.6 1497 174 
138 16 246.4 9.3 197.7 201.5 177.9 173.3 1480 308 
138 17 247.5 6.3 172.0 183.3 154.8 157.6 . 1525 249 
• 138 18 212.0 8.3 177.8 179.8 160.0 154.6 1484 258 
138 19 205.0 7.9 154.5 152.7 139.0 131.3 1512 205 
139 1 298.8 10.3 146.3 - 83.6 131.7 71.9 1159 540 . 
139 2 300.0 11.7 154.7 88.7 139.2 76.3 1144 542 
139 3 304.5 10.5 154.6 88.4 139.1 . 76.0 1160 550 . 
139 4 315.6 10.4 166.8 93.6 150.1 80.5 1148 564 : 
139 5 359.3 12.9 212.3 124.9 191.1 107.4 1166 453 
139 6 299.8 10.5 177.7 97.8 159.9 84.1 1157 467 
139 7 300.6 11.0 182.0 . 112.1 163.8 96.4 1182 454 
139 8 290.1 10.5 101.6 104.3 91.4 89.7 1107 470 
139 9 277.5 10.1 102.0 104.1 91.8 89.5 1086 384 
139 10 278.0 10.7 100.7 102.8 90.6 88.4 1104 324 
139 11 . 284.2 11.0 100.1 102.2 90.1 . 87.9 1114 237 
139 12 275.0 10.5 98.9 102.0 89.0 87.7 1091 238 
139 13 273.1 10.3 98.8 100.9 88.9 86.8 1119 370 
139 14 247.5 9.1 99.2 101.3 89.3 87.1 1091 287 
139 15 275.8 11.7 97.9 100.0 88.1 86.0 1099 174 
139 16 230.2 9.1 97.4 99.5 87.7 85.6 1090 , 308 
139 17 264.8 9.3 97.8 99.9 88.0 . 85.9 1091 249 
139 18 243.6 9.5 96.5 98.6 86.8 84.8 1048 258 
139 19 257.2 9.4 111.0 101.1 99.9 86.9 1071 . 205 
140 1 : 363.8 11.8 190.4 104.3 171.4 89.7 1215 556 
140 2 393.6 13.3 211.0 120.4 . 189.9 103.5 1207 . 540 , 
140 3 384.9 13.8 205.1 . 117.9 184.6 101.4 1211 429 
140 4 389.1 14.1 211.9 122.2 190.7 105.1 1220 469 
140 5 390.2 14.0 219.0 124.8 197.1 107.3 1237 467 
140 6 355.8 12.3 210.8 121.6 189.7 104.6 1261 , 455 
140 7 375.4 12.8 213.3 126.7 192.0 109.0 1212 351 . 
140 8 383.0 12.9 250.4 60.9 225.4 52.4 1225 358 
140 9 324.4 . 11.9 284.4 52.0 256.0 44.7 1259 202 
140 10 324.2 12.9 272.3 51.1 245.1. 43.9 1256 289 
140 11 : 322.4 12.3 277.6 50.6 249.8 43.5 1220 . 354 
140 12 311.8 12.9 262.1 46.7 235.9 40.2 1207 259 
140 13 328.7 14.4 283.7 52.4 255.3 45.1 1204 168 
140 14 323.8 12.3 289.6 53.4 260.6 45.9 1200 322 
140 15 301.7 11.5 284.5 45.8 256.0 39.4 1210 244 
140 16 321.1 11.9 290.9 53-0 261.8 45.6 1197 259 
140 17 318.5 11.6 295.2 53.9 265.7 46.4 1224 218 
140 18 274.1 11.5 276.2 55.0 248.6 47.3 1235 289 
140 19 266.9 11.1 271.8 45.6 244.6 39.2 1211 259 
141 1 405.7 13.3 203-3 115.9 183.0 99.7 1092 ; 470 
338 
TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
141 2 411.5 13.4 189.4 108.4 170-5 93-2 1071 : 384 
141 3 441.0 13.0 198.2 117-3 178-4 100-9 1102 324 . 
141 4 420.9 10.8 228.2 126.3 205-4 108-6 1108 237 
141 5 438.0 13.3 234-4 134.4 211-0 115.6 1108 238 
141 6 430.7 13.9 230-4 131.8 207-4 113.3 1108 370 
141 7 447.7 14.8 263.4 159.1 237-0 136.8 1103 287 
141 8 420.9 13.0 169.9 179.2 152-9 154.1 1135 172 
141 9 447.8 14.2 192.7 '195.6 173-4 168.2 1102 322 
141 10 437.4 12.9 181.4 186.0 163.3 160.0 1100 233 
141 11 485.9 13.5 207.4 212.6 186.7 182-8 1099 267 
141 12 385.8 11.8 179.4 170.8 161.5 146.9 1127 204 . 
141 13 389.3 12.2 180.3 183.2 162.3 157.6 1115 274 
141 14 414.1 12.4 175.1 174.6 157.6 150.2 1088 284 
141 15 391.5 10.7 163-4 161.3 : 147.1 138.7 1108 356 
141 16 399.5 11.8 168-9 167.4 152.0 144.0 1110 374 
141 17 390.3 11.7 159-3 166.0 143.4 . 142.8 1098 368 
141 18 397.0 12.0 166-8 166.6 150.1 143.3 1111 . 449 
141 19 362.8 12.1 175-3 - 148.6 157.8 127.8 1103 443 
142 1 327.6 12.5 170.3 98.3 153.3 84.5 1221 484 
142 2 416.9 15.9 172.4 97.3 155-2 83.7 1217 555 
142 3 375.8 11.2 167.6 100.5 150-8 86.4 1169 581 . 
142 4 357.3 15.2 174-4 102-7 157-0 88.3 1200 563 
142 5 350.5 11.3 176-4 102.5 158-8 88.1 1219 582 
142 6 419.0 14.8 195.1 110.3 175.6, 94.9 1240 . 555 
142 7 423.3 17.4 197.0 111.2 177.3 95.6 1180 588 
142 8 459.3 18.0 152.6 • 156- 1 137.3 134-2 1199 620 
142 9 422.3 20.4 145.7 158.8 131.1 . 136..  6 1196 612 
142 10 425.3 19.1 149.5 154.7 134.5 133-0 1170 622 
142 11 ; 405.8 18.6 149.1 152.6 134.2 131.2 1168 620 
142 12 395.0 13.6 149.4 153.3 134.5 131.8 1194 614 
142 13 • 414.7 11-9 • 143.6 150.5 129-2 129.4 1173 • 616 
142 14 381.6 12.4 147.3 151.7 132.6 130.5 1175 626 
142 15 400.0 17.4 146.3 149.8 131.7 128.8 1182 623 
142 16 391.1 18.2 144.9 148.4 130.4 127.6 1174 . 628 
142 17 372.0 14.4 141.3 149.1 127.2 128.2 1143 638 
142 18 402.2 16.5 143.5 146.3 129.1 125.8 1165 655 
142 19 367.5 10.9 140.4 145.6 126.4 125.2 1139 566 
143 1 423.3 12.6 217.9 124.6 196.1. 107.2 1359 184 
143 2 456.3 14.3 226.1 129.2 203.5 111.1 1373 375 
143 3 • 453.4 13.3 232-8 136.3 209.5 117.2 1360 335 
143 4 417.0 11-0 240-8 133-3 216.7 114.6 1364 153 
143 • 5  453.2 14.0 230.7 133-3 207.6 114.6 1381 278 
143 6 455.5 10.2 222-1 125-4 : 199.9 107.8 1336 311 
143 7 432.0 12.2 222-8 129-3 200-5 111-2 1336 229 
143 8 405.4 13-1 229-6 79,0 206-6 67.9 1353 202 
143 9 338.2 10.7 229-1 42.7 206.2 36.7 1340 265 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
143 10 359.3 13.7 230.3 42.0 207.3 36*1 1286 320 
143 11 ; 361.1 12.4 228.2 42.0 205.4 36.1 1299 286 
143 12 367.2 11.4 228.9 42.0 206.0 36.1 1263 404 
143 13 309.5 11.3 226.1 41.3 203.5 35.5 1267 351 
143 14 352.5 11.4 227.1 . 41.9 204.4 36.0 1293 413 
143 15 321.2 9.4 224.7 41.3 202.2 35.5 1259 473 
143 16 315.7 10.7 223.3 40.6 201.0 34.9 1255 405 
143 17 330.6 13.7 224.0 41.3 201.6 35.5 1252 . 540 
143 18 314.8 11.8 221.2 40.6 199.1 . 34.9 1247 375 
143 19 317.2 11.5 220.5 40.6 198.4 34.9 1246 420 
144 1 442.3 18.9 174.3 105.1 156.9 90.4 1312 259 
144 2 446.5 18.6 184.6 101.5 166.1 87.3 1296 168 
144 3 461.3 19.3 191.4 108.9 172.3 93.7 1286 322 
144 4 478.2 17.8 192.8 108.9 173.5 93.7 1291 244 
144 5 453.9 15.0 193.7 110.6 174.3 95.1 1260 . 259 
144 6 469.0 17.1 204.2 114.9 183.8 98.8 1278 218 
144 7 456.3 16.8 204.9 118.6 184.4 102.0 1288 289 
144 8 432.5 14.9 158.6 144.9 142.7 124.6 1248 270 
144 9 452.9 15.2 156.0 159.5 140.4 . 137.2 1293 380 
144 10 428.8 15.0 154.6 158.1 139.1 136.0 1241 : 357 
144 11 412.7 13.6 152.2 155.7 137.0 133.9 1248 416 
144 12 431.2 13.8 152.5 156.0 137.2 134.2 1280 420 
144 13 397.0 13.2 150.8 153.7 135.7 132.2 1259 437 
144 14 398.8 13.3 151.1 154.5 136.0 132.9 1257 487 
144 15 340.3 11.6 149.7 153.2 134.7 131.8 1253 443 
144 16 377.2 12.7 147.9 151.4 133.1 130.2 1274 438 
144 17 379.5 11.6 148.3 151.8 133.5 130.5 1230 451 
144 18 373.8 11.9 146.6 149.5 131.9 128.6 1246 554 
144 19 399.7 12.8 145.1 - 147.9 130.6 127.2 1270 519 
145 1 482.5 22.3 211.6 121.3 190.4 104.3 1436 227 
145 2 472.4 17.6 220.0 126.5 198.0 108.8 1413 210 
145 3 499.5 • 15.9 165.6 103.4 149.0 88.9 1401 314 
145 4 428.3 13.6 185.3 97.1 166.8 83.5 1364 ; 323 
145 5 505.6 21.2 215.6 123.9 194.0 106.6 1348 247 
145 6 491.4 17.1 225.7 129.7 203.1 111.5 1342 214 
145 7 478.3 25.4 216.0 122.2 194.4 105.1 1372 163 
145 8 460.1 20.7 217.7 98.0 195.9 84.3 1372 172 
145 9 450.1 19.6 218.4 98.0 196.6 84.3 1298 229 
145 10 447.9 20.7 215.6 97.3 194.0 83.7 1313 281 
145 11 405.0 18.1 . 213.5 95.9 192.1 82.5 1280 437 
145 12 . 452.1 18.6 213.5 94.3 192.1 81.1 1281 . 450 
145 13 438.3 16.0 200.6 95.2 180.5 81.9 1282 473 
145 14 374.0 22.6 212.1 95.9 190.9 82.5 1305 518 
145 15 395.8 12.5 210.0 94.5 . 189.0 81.3 1318 565 
145 16 392.1 12.7 202.6 94.1 182.3 80.9 1279 472 
145 17 364.2 15.2 208.9 93.8 188.0 . 80.7 1300 . 484 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
145 18 379.7 12.5 206.5 93.1 185.8 80.1 1308 555 
145 19 366.5 17.7 205.1 92.9 184.6 79.9 1301 581 
146 1 456.3 14.8 199.1 , 115.8 179.2 99.6 1343 310 
146 2 440.2 16.9 214.7 119.5 193.2 102.8 1334 315 
146 3 467.1 17.7 231.3 130.4 208.2. 112.1 1331 ; 396 
146 4 406.7 15.3 219.5 127.7 197.5 109.8 1305 353 
146 5 397.5 12.4 216.1 121.1 194.5 104.1 1323 436 
146 6 393.5 13.6 227.1 , 130.5 204.4 112.2 1326 464 
146 7 377.6 14.7 208.8 119.0 187.9 102.3 1331 404 
146 8 454.9 16.5 190.9 197.8 171.8 170.1 1342 492 
146 9 433.9 15.9 195.9 198.4 176.3 170.6 1332 420 
146 10 430.2 14.9 205.6 203.2 185.0 174.8 1325 417 
146 11 . 419.5 14.0 188.1 . 192.5 169.3 165.5 1334 531 
146 12 410.1 12.0 201.2 203.7 181.1. 175.2 1340 560 
146 13 398.8 12.9 206.2 212.2 185.6 182.5 1354 519 
146 14 385.6 12.4 189.2 198.0 170.3 170.3 1345 544 
146 15 392.3 13.1 197.5 182.1 . 177.7 156.6 1378 548 
146 16 387.8 13.4 189.7 205.1 170.7 176.4 1418 568 
146 17 399.0 12.3 185.7 179.1 167.1 154.0 1379 612 
146 18 369.5 11.2 195.1 198.6 175.6 170.8 1406 645 
146 19 374.1 11.6 168.8 - 175.6 151.9 151.0 1429 622 
147 1 : 396.9 16.1 138.2 100.2 124.4 86.2 1433 623 
147 2 407.3 13.5 156.1 96.4 140.5 82.9 1488 628 
147 3 397.5 12.7 172.7 97.2 155.4 83.6 1479 638 
147 4 421.2 13.5 204.0 119.7 183.6 102.9 1516 655 
147 5 417.5 14.0 209.5 114.5 188.5 98.5 1490 566 
147 6 394.0 11.7 213.0 - 120.1 191.7 103.3 1549 616 
147 7 368.5 10.2 226.3 130.8 203.6 112.5 1557 .539 
147 8 357.0 10.I 224.7 44.8 202.2 38.5 1483 529 
147 9 330.2 10.3 225.4 44.8 202.9 38.5 1468 557 
147 10 285.0 8.9 231.6 44.1 203.4 37.9 1440 455 
147 11 259.5 8.4 238.7 44.1 214.8 37.9 1477 . 511 
147 12 226.0 8.0 239.4 44.1 215.5 37.9 1492 : 419 
147 13 243.6 7.9 236.6 43.4 212-9 37.3 1486 368 
147 14 236.0 7.2 238.0 43.4 214.2 37.3 1480 448 
147 15 244.0 7.8 235.2 43.4 211.7 37.3 1471 . 435 
147 16 237.7 7.3 230.6 42.7 207.5 36.7 1534 375 
147 17 240.5 7.2 234.4 42.7 211.0 36.7 1475 335 
147 18 222.0 7.0 231.7 42.7 208.5 36.7 1483 261 
147 19 216.5 7.1 230.3 42.0 207.3 36.1 1488 261 
148 1 362.0 14.1 172.4 97.9 155.2 84.2 1188 357 
148 2 349.4 • 12.0 181.9 99.5 163.7 85.6 1208 416 
148 3 372.2 12.6 177,8 103.1. 160.0 88.7 1208 420 
148 4 355.9 12.4 180.2 104.8 162.2 90.1 1230 437 
148 5 345. 1 11.6 164.4 91.4 148.0 78.6 1202 : 487 
148 6 344.4 12.3 184.7 107*1 166.2 92.1 1244 443 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
148 7 323.2 11.4 181.4 101.1 163.2 87.0 1179 438 
148 8 335-1 . 14.4 210.4 51.4 189.4 44. 2 1203 464 
148 9 292.5 10.6 217.9 40.6 196.1 34.9 1203 - 579 
148 10 296.3 9.3 210.0 39.9 189.0 . 34.3 1155 .509 
148 11 275.6 9.0 209.2 39.9 188.3 • 34.3 1198 502 
148 12 261.5 11.2 215.6 39.9 194.0 34.3 1143 553 
148 13 262.7 9.8 210.9 39.2 189.8 33.7 1186 595 
148 14 264.7 8.5 212.4 39.9 191.2 34.3 1214 569 
148 15 236.8 7 = 5 206.2 39.2 185.6 33.7 1191 . 619 
148 16 249.5 8.7 159.1 39.2 143.2 33.7 1198 657 
148 17 227.0 8.4 196.5 39.2 176.8 33.7 1171 615 
148 13 295.0 10.1 196.7 38.5 177.0 33.1 1182 589 
148 19 282.3 11.5 198.5 38.5 178.6 33.1 1180 625 
149 1 ; 380.1 12.9 192.7 112.6 173.4 96-8 1280 539 
149 2 336.0 11-5 187.2 102.1 168.5 87.8 1258 523 
149 3 323.5 9-9 210-6 122-9 189.5 105.7 1312 560 
149 4 331-3 9-2 222.8 126-2 200.5 108.5 1312 : 452 
149 5 339.0 11-1 232.7 127-6 209.4 109.7 1325 522 
149 6 332-1 11-5 233.5 135-2 210.1 116.3 1359 421 
149 7 337-8 10-8 244.1 136-4 219.7 117.3 1363 370 
149 8 293.3 10-0 269.1 0-0 242-2 0.0 1328 448 
149 9 278.2 10.3 263-4 0-0 237.1 0.0 1329 435 
149 10 269.5 9.1 247.9 0-0 223.1 . 0 .0 1326 375 
149 11 234. 5 8.3 265.1 0-0 238.6 - 0.0 1313 .335 
149 12 226.3 8.3 243.2 0.0 218.9 0.0 1294 261 
149 13 227.7 7.5 286.4 0.0 257.8 0.0 1307 : 261 
149 14 243.2 8.3 278.3 0.0 250.5 0.0 1276 307 
149 15 216.5 7-9 283.4 0.0 255.1 0.0 1295 330 
149 16 197.0 6-8 276.0 0.0 248.4 0.0 1303 364 
149 17 219.0 7.5 272.8 0.0 245-5 0.0 1336 329 
149 18 215.5 7.3 281.6 0.0 253-4 0.0 . 1310 . 215 
149 19 209.5 7.7 281-7 0.0 253.5 0.0 1312 . 297 
150 1 . 324. 0 11.1 133.6 73.9 120.2 63.6 1237 677 
150 2 365.5 11.3 148.0 88.4 133.2 76.0 1231 613 
150 3 367.0 11.5 176.9 96.1 159.2 82.6 1245 615 
150 4 396.0 14.3 160.3 93.1 . 144.3 80.1 , 1238 566 
150 5 411.5 14.2 170.5 96.0 153.4 . 82.6 1231 . 567 
150 6 420.6 13.7 178.5 102.2 160.6 87.9 1257 453 
150 7 414.8 13.6 176.2 104.0 158.6 - 89.5 1245 461 
150 8 388.5 13.2 201.3 91-7 181.2 78.9 1293 • 480 
150 9 382.9 17.3 197.0 91.7 177.3 78.9 1277 505 
150 10 381.5 14.8 200.9 90-3 180.8 77.7 1271 430 
150 11 390.9 12.9 198.1 89-3 178.3 76.8 1240 391 
150 12 362.9 14.2 186-9 90.3 168.2 77.7 1281 344 
150 13 378.3 15.1 . 196.7 88.2 . 177.0 75.9 1261 357 
150 14 363.1 13.7 198-1 88.9 178.3 76.5 1234 338 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
150 15 355.2 12.4 195-3 88.2 175-8 75-9 1238 371 
150 16 369.7 12.9 189-1 86.8 170-2 74.6 1230 394 
150 17 362.9 12-5 194-6 87-5 175-1 . 75.2 1283 345 
150 18 352.1 10.9 191-8 86-1 172-6 74.0 1235 358 
150 19 342.1 . 11-0 190-4 85-4 171-4 73.4 1238 256 
151 - 1 . 444.0 16-5 195-0 111-8 175-5 96.1 1225 534 
151 2 ; 415.5 22-4 202-3 127.8 182-1 109.9 1324 539 
151 3 418.8 15-8 231-3 130-8 208.2 112.5 1310 531 
151 4 432.9 14-0 233-6 132-6 210.2 114.0 1329 471 
151 5 456.9 14-5 250-3 142-4 225.3 122.5 1361 450 
151 6 466. 3 16-1 266-7 152.0 240.0 130.7 1387 413 
151 7 457.5 14-5 261-1 148.0 235.0 127.3 1383 410 
151 S 462.5 13-4 128-2 135-1 115.4 116.2 1383 422 
151 9 444.5 13-5 132-3 135.8 119.1 116.8 1356 434 
151 10 408.5 14-5 130-9 133-7 117.8 115.0 1284 341 
151 11 407.1 11-1 129-7 132.5 116-7 113.9 1270 259 
151 12 431.0 15-5 130-2 - 133-0 117-2 114.4 1279 297 
151 13 372.3 11-7 128-4 131-2 115.6 112.8 1267 277 
151 14 359.0 11-3 129-5 132-3 116.5 113.8 1286 286 
151 15 383.5 12-3 127-4 130-2 114.7 112.0 1269 355 
151 16 353.2 12-6 126-0 128-8 113.4 110.8 1274 . 374 
151 17 369.5 12-3 126-7 129-5 114.0 111.4 1269 295 
151 18 368.0 12-3 125-3 127-4 112.8 109.6 1264 232 
151 19 367.8 12-0 123.3 126-7 111.0 109.0 1266 231 
152 1 315.3 12-6 160.7 95.7 144.6 82.3 1286 357 
152 2 319.0 12-2 173.3 104-6 156.0 90.0 1233 338 
152 3 311.5 11.9 173.1 97.7 155.8 84.0 1276 371 
152 4 306.1 12-2 183.7 107.1 165-3 92.1 1277 394 
152 5 303.0 10-5 197-1 110.0 177-4 94.6 1267 345 
152 6 293.1 9-3 205-6 122-0 185.0 104=9 1298 358 
152 7 278.1 8-7 211.0 117-2 189-9 100.8 1335 256 
152 3 284.7 9-0 182.6 173-7 164-3 149.4 1318 328 
152 9 297.0 9.8 174.3 172-0 156.9 147.9 1339 264 
152 10 263.7 9-8 • 177.2 186-9 159.5 160.7 1335 198 
152 11 266.3 10-2 166-7 165-6 150.0 142.4 1365 295 
152 12 282.7 10.7 174-3 179.7 156.9 154.5 1374 332 
152 13 272.6 8.6 186-6 192.0 167.9 165.1 1391 246 
152 • 14 . 258.9 10.2 196-2 184-6 176.6 158.8 1414 244 
152 • 15 246.0 12.4 176-1 - 180-9 158.5 - 155.6 1393 160 
152 16 241.6 10.1 178-3 186-0 160.5 160-0 1439 144 
152 17 207.9 9-6 181-9 182-7 163.7 157-1 1439 238 
152 18 187.0 7.9 176-9 183-8 159.2 158-1 • 1450 . 266 
152 19 188.0 9-6 135-7 138.8 122.1 119-4 1445 388 
153 1 356.9 16.0 123.7 76-6 111.3 65-9 1214 345 
153 2 387*1 14. 1 141-1 80-7 127-0 69.4 1204 358 
153 3 403-0 19.0 154.0 . 88.7 138.6 76.3 1215 256 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
153 4 : 372.6 14.9 154.6 88.1 139.1 : 75.8 1205 302 
153 5 349.5 15.9 158.8 89.5 142.9 77.0 1204 298 
153 6 366.8 14.9 155.8 89.4 140.2 76.9 1183 178 
153 7 386.2 14.8 158.7 91.3 142.9 78.5 1195 291 
153 8 350.0 11.0 123.5 131.6 111.1 113.2 1188 332 
153 9 340.3 11.5 128.5 128.8 115.6 110.8 1176 246 
153 10 304.3 11.2 128.2 129.4 115.4 111.3 - 1184 244 
153 11 299.3 14.3 120.2 128.8 108.2 110.8 1176 160 
153 12 275.2 10-9 126.7 129.5 114.0 111.4 1190 144 
153 13 281.7 8.0 114.7 126.7 103.2 109.0 1190 238 
153 14 283.6 8.2 125.3 128.1 112.8 110.2 1184 266 
• 153 15 264.6 8.4 123.9 126.0 111.5 108.4 1180 388 
153 16 281.5 9.4 122.5 125.3 110.2 107.8 1193 445 
153 17 262.8 7.5 123.2 126.0 • 110.9 108.4 1191 460 
153 18 262.2 8.2 121.1 123.9 109.0 106.6 1209 509 
153 19 229.3 7.5 119.8 119.5 107.8 102.8 1223 575 
154 1 396.6 17.9 136.3 81.9 122.7 70.4 1367 331 
154 2 423.3 24.6 147.2 87.4 132.5 75.2 1359 329 
154 3 438.3 17.0 158.4 91.2 142.6 78.4 1338 246 
154 4 422.7 18.4 151.9 87.8 136.7 75.5 1301 : 368 
154 5 425.6 17.7 151.1 85.1 136.0. 73.2 1285 227 
154 6 398.5 16.5 168.8 96.0 151.9 82.6 1284 210 
154 7 442.9 18.1 187.9 108.7 169.1 93.5 1290 314 
154 8 466.5 21.9 126.1 160.3 113.5 137.9 1295 306 
154 9 434.3 11.0 143.9 161.0 129.5 138.5 1296 249 
154 10 , 473.8 13.3 147.3 158.2 . 132.6 136.1 1272 198 
154 11 408.5 13.9 128.8 156.8 115.9 134.8 1242 164 
154 12 385.5 16.3 154.0 156.8 138.6 134.8 1283 • 172 
154 13 452.7 • 14.9 151.2 147.7 136.1 127.0 1278 229 
154 14 433.1 11.4 152.6 156.1 137.3 134.2 1277 281 
154 15 402.2 13.3 150.5 153.3 135.4 131.8 1266 437 
154 16 408.4 17.1 149.1 151.9 134.2 130.6 1261 450 
154 17 384.0 10.8 149.8 152.6 134.8 131.2 1258 473 
154 18 384.3 11.5 147.0 150.5 132.3 129.4 1270 . 518 
154 19 395.0 13.1 139.5 149.1 125.5 128.2 1252 565 
155 1 : 389.2 20.2 147.0 83.5 132.3 71.8 1378 362 
155 2 387.0 17.9 134.5 82.6 121.0 71.0 - 1337 . 210 
155 3 423.8 17.5 148.5 84.0 133.6 72.2 1324 219 
155 4 404.9 16.3 163.3 92.7 147.0 79.7 1316 330 
• 155 5 390.9 15.2 156.1 . 89.0 140.5 76.5 1278 306 
155 6 350.5 15.0 165.6 94.7 149.0 81.4 1293 249 
155 7 383.7 12.0 172.0 99.3 154.8 25.4 1287 198 
155 8 362.0 13.9 156.7 160.3 141.0 137.9 1293 r 160 
155 9 324.8 13.4 173.2 182.9 155.9 157.3 1252 184 
155 10 286.7 11.9 173.3 176.8 156.0 152.0 1304 233 
155 11 305.8 14.2 157.1 164,3 141.4 141.3 1307 283 
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TABLE 43, (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
155 12 353-0 17.2 163.6 164.4 147.2 141.4 1300 478 
155 13 304. 1 13.1 176.2 180.7 158.6 155.4 1315 438 
155 14 294.1 8.9 157.9 160.7 142.1 138.2 1316 482 
155 15 258.2 9.2 166.0 172.5 149.4 148.3 1310 526 
155 16 255.8 8.8 146.2 153.0 131.6 131.6 1299 544 
155 17 277.8 9.9 151.8 155-0 136.6 133.3 1313 487 
155 18 281.2 • 10.8 148.9 150.8 134.0 129.7 1298 479 
155 19 262.5 8.1 . 155.7 138.7 140.1 . 119.3 1295 563 • 
156 1 . 473=7 20.9 184.3 105.9 165.9 91.1 1358 210 
156 2 483.6 18.7 200.9 109.3 180.8 94.0 1339 219 
156 3 500.7 17.6 197.6 113.4 177.8 97.5 1325 330 , 
156 4 543.9 17.7 227.0 131.8 204.3 - 113.3 1344 306 
156 5 508.6 21.5 229.4 130.8 206.5 112.5 1342 249 
156 6 491.2 18.0 253.8 144.3 228.4 . 124.1 1333 • 198 
156 7 464.4 22.3 238.3 • 125.4 214.4 107.8 1349 164 
156 8 402.5 17.2 226.1 42.0 203.5 36.1 1309 184 . 
156 9 382.4 17.0 228.9 42.0 206.0 36.1 1256 233 
156 10 367.0 14.9 226.1 41.3 203.5 35.5 1310 283 
156 11 391.6 13.6 224.0 41.3 201.6 35.5 1247 478 
156 12 410.0 16.1 224.7 49.2 202.2 42.3 1224 438 , 
156 13 366.5 14.1 221.9 40.6 199.7 34.9 1237 482 . 
156 14 340.3 15.3 223.3 40.6 .201.0 34.9 1240 526 
156 15 313.3 12.5 220.5 40.6 198.4 34.9 1208 544 
156 16 261.2 10.0 219.1 39.9 197.2 34.3 1203 • 487 
156 17 327.1 14.0 219.8 39.9 197.8 34.3 1258 479 
156 18 320.0 13.1 211.6 39.9 190.4 34.3 1247 563 
156 19 250.2 8.4 214.8 51.3 193.3 44.1 1266 579 
157 1 436.3 21.0 185.6 105.7 167.0 90.9 1414 244 . 
157 2 : 415.9 18.0 174.8 104.8 157.3 90.1 1397 160 
157 3 440.7 16.9 202.7 111.0 182.4 95.5 1371 144 
157 4 436.7 16.9 224.4 125.3 202.0 107.8 1351 . 238 
157 5 456.2 17.5 245.9 141.3 221.3 121.5 1331 266 
157 6 432.2 15.9 251.8 • 139.2 226.6 119.7 1368 388 
157 7 382.5 11.9 260.5 147.6 234.4 126.9 1336 445 
157 8 372.5 16.2 169.7 77.0 152.7 66.2 1291 472 
157 9 394.0 15.1 170.8 77.0 153.7 66. 2 1252 514 
157 10 315.4 10.3 165.1 76.3 148.6 65.6 1251 568 
157 11 340.8 10.8 165.8 75.6 149. 2 65.0 1249 470 . 
157 12 339.5 12.8 168.0 75.6 151.2 65.0 1257 492 
157 13 347.0 12.8 160.8 74.9 144.7 64.4 1270 536 
157 14 326.3 11.8 167.3 74.9 150.6 64.4 1252 583 
157 15 289.4 9.3 158.1 74.2 142.3 63.8 1236 557 
157 16 280.3 8.6 157.1 78.2 141.4 - 67.3 1240 596 
157 17 293.7 9.9 164.5 74.2 148.0 63.8 1283 . 542 
157 18 311.5 10.9 162.4 72.8 146.2 62.6 1266 597 
157 19 284.2 12.6 161.7 72.8 145.5 62.6 1232 585 
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TABLE 43. (CONTINUED) 
NO WEEK MILK BFAT HAY , GRAIN HE GE WEIGHT TEMP 
158 1 371.6 18.4 123.8 69.1 111.4 59.4 1410 438 
158 2 377.7 18.6 115.3 71.0 103.8 61.1 1390 . 528 
158 3 357.7 16.3 143.4 81.9 129.1 70.4 1345 537 
158 4 350.8 16.0 132.3 76,5 119-1 . 65.8 1336 . 486 
158 5 346.9 13.4 150.8 87.5 135.7 75.2 1305 505 
158 6 378.7 18.8 158.5 89.5 142.6 77.0 1319 513 
158 7 366.2 15.8 167.2 96.2 150.5 82.8 1332 551 
158 8 351.0 16.5 116.4 • 108-2 104.8 93.1 1317 572 
158 9 410.3 18.1 111.9 112.-7 100.7 96.9 1287 619 
158 10 406.3 18.6 95.2 109-4.; 85.7 94.1 1216 - 534 
158 11 : 398.3 16.9 102.0 108-6 91.8 93.4 1259 574 
158 12 348.5 18.2 106.4 109.1 . 95.8 93.8 1221 568 
158 13 358.9 16.3 105.2 107-4 94.7 92.4 1253 658 
158 14 345.7 13.5 105.6 107-7 95.0 92.6 1194 595 
158 15 315.0 14.6 104.5 107-2 94.0 92.2 1207 626 
158 16 323.7 14.7 103.7 106-0 93.3 91.2 1171 610 
158 17 314.8 12.6 104.2 106-3 93.8 91.4 1196 603 
158 18 289.1 10.5 103.1 105-2 92.8 90.5 1198 661 
158 19 280.3 10.8 102.3 104-4 92.1 , 89.8 1205 611 
159 1 480.8 16.1 208.3 119-8 187.5 103.0 1251 472 
159 2 562.2 20.9 225.4 123.3 202.9 110.3 1240 514 
159 3 501.5 16.8 209.2 121.0 188.3 104.1 1253 568 
159 4 503.7 14.8 225-7 129.9 203.1 111.7 1245 470 
159 5 417.4 11.3 226.6 130.6 . 203.9 112.3 1266 492 
159 6 439.8 12.7 225.5 129.5 202-9 111.4 1288 536 
159 7 427.6 14.7 235.5 130.8 211.9 112.5 1292 583 
159 8 433.7 14.9 217.8 114.6 196.0 98.6 1328 563 
• 159 9 440.5 14.5 216.8 116.9 195.1 . 100.5 1281 582 
159 10 509.7 16.2 256-7 119.6 231.0 102.9 1311 555 
159 11 485.5 24.3 271.2 124.0 244.1. 106-6 1343 ' 588 
159 12 ; 432.7 14.7 252.6 116.3 227.3 100-0 1316 602 
159 13 • 417.2 15.2 222.1 . 104.6 199.9 90-0 1297 623 
159 14 404.5 19.0 234.8 111.8 211.3 96-1 1302 624 
159 15 397.0 13.5 239.0 104.3 215.1 89-7 1302 612 
159 16 390.5 18.6 244.5 109.9 220-0 94.5 1313 614 
159 17 397.5 18.6 257.6 112.4 231.8 96.7 1331 615 
159 18 372.7 15.4 201.8 90.9 181-6 78.2 1304 634 
159 19 402.5 15.5 251.4 113.9 226-3 98.0 1321 626 
160 - 1 244.2 15.9 82.4 56.6 74.2 48.7 1405 468 
160 2 299.1 19.5 , 89.1. 61.1 80.2 52.5 1386 507 
160 3 298.8 16.6 97.5 66.2 87.7 56.9 1337 519 
160 4 311.5 • 12.4 127.9 73.3 115.1 63.0 1381 561 
160 5 329.0 13.1 147.6 86.3 132.8 74.2 1403 572 
160 6 362.5 15.6 143.1 89.8 128.8, 77.2 1390 619 
160 7 382.6 20.2 165.1 91.7 148.6 78.9 1363 534 
160 8 416.3 23.9 108.5 110.6 97.6 95-1 1348 595 
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TABLE 43- (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
160 9 341.3 14.5 108-0 '  112.0 97-2 96.3 1325 566 
160 10 325.6 11.5 108.5 110.6 97-6 95.1 1319 653 
160 11 367.0 14.5 107.1 109.9 96-4 94.5 1337 615 
160 12 350.5 15.0 107.8 109.9 97-0 94.5 1281 609 
160 13 336.0 14.7 106-4 108.5 95.8 93.3 1276 616 
160 14 311.3 12.6' 107-1 109.2 96.4 93.9 1293 604 
160 15 292.1 12.1 101-8 107.8 91.6 92.7 1289 658 
160 16 285.6 16.1 105-0 107.1 94.5 92.1 1277 614 
160 17 285.9 13.8 105-0 107.1 94.5 92.1 1260 612 
160 IS 268.7 10.6 103-6 106.4 93.2 91.5 1250 631 
160 19 281.4 9.7 103-6 105.8 93.2 91.0 1215 657 
161 1 346.5 12.7 178-9 107.5 161.0 92.4 1213 344 
161 2 330.2 11.0 208-0 124.0 187.2 106.6 1224 264 
161 3 354.0 10.6 244-4 138.0 220.0 118.7 1226 290 
161 4 349.9 10.5 222-1 125.1 199.9 107.6 1242 281 
161 5 335.2 10.8 212-6 123.1 . 191.3 105.9 1258 274 
161 6 331.0 11.7 227.0 128.4 204.3' 110.4 1256 354 
161 7 334.7 10.9 216.5 124.5 194.8 107.1 1265 360 
161 8 248.5 8.1 236.0 0.0 212.4 0.0 1254 295 
161 9 239.0 8-5 264.7 0.0 238.2 0.0 1262 232 
161 10 221.1 8.2 251.6 0.0 226.4 0.0 1254 231 
161 11 241.0 8.6 256-6 0.0 230.9 0.0 1255 374 
161 12 225.0 6.3 246.8 0.0 222.1 0.0 1254 376 
161 13 185.0 7.5 291.9 0.0 262.7 0.0 1260 343 
161 14 195.2 6.9 285.5 0.0 256.9 0.0 1266 407 
161 15 173.0 6.3 296.0 0.0 266.4 0.0 1255 420 
161 16 215.4 6-8 284.4 0.0 256.0 0.0 1269 328 
161 17 206.5 6-9 278.0 0.0 250-2 0.0 1271 413 
161 18 162.5 6-2 279.4 0.0 251-5 0.0 1263 414 
161 19 204.5 8-6 298.8 0.0 268-9 0.0 1278 366 
162 1 380.0 13-5 186.6 113.4 167-9 97.5 1240 350 
162 2 401.0 12-5 201.6 120. 1 181.4 103.3 1284 257 
162 3 406.7 13-0 203.8 119.1 183.4 102.4 1282 256 
162 4 385.9 11-7 193.8 116.4 174.4 100.1 1297 304 
162 5 435.5 13-4 216.4 124=7 194.8 107.2 1312 324 
162 6 414.8 12-8 243.5 131.6 219.1 . 113.2 1332 363 
162 7 446.9 14-3 237.5 133.6 213.7 114.9 1335 355 
162 8 426.5 14-3 234.9 121.9 211.4 104.8 1343 215 
162 9 398.5 • 13-3 231.6 112.4 208.4 96.7 1347 297 
162 10 398.5 12-1 218.7 99-9 196.8 85.9 1340 250 
' 162 11 416.5 • 12-6 221.2 106-8 199.1 91.8 1341 , 434 
162 12 418.5 13-0 240.9 107.0 216.8 92.0 1343 317 
162 13 363.8 11-8 244.3 109-2 219.9 93.9 1356 406 
162 14 378.3 12-0 , 248.6 112.9 223.7 97.1 1362 376 
162 15 374.5 11-8 247-2 111-1 222.5 95.5 1366 417 
162 16 386-5 12.4 244.1 111.8 219.7 96.1 1369 340 
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TABLE 43, (CONTINUED) 
NO WEEK MILK BFAT HAY GRAIN HE GE WEIGHT TEMP 
162 17 . 359. 0 12.4 
162 18 335. 7 13.1 
162 19 355. 8 13.4 
163 1 443. 0 22.1 
163 2 429. 5 17.4 
163 3 397. 0 16.4 
163 4 421. 0 14.7 
163 5 444. 5 13.6 
163 6 443. 7 13.4 
163 7 471. 1 17.8 
163 8 251. 0 12.2 
163 9 388. 5 13.2 
163 10 373. 5 11.3 
163 11 408. 0 12.6 
163 12 ; 417. 8 14.5 
163 13 398. 2 14.1 
163 14 379. 5 14.3 
163 15 384. 2 11.4 
163 16 331. 0 12.6 
163 17 318. 5 12.1 
163 18 320. 0 11.9 
163 19 325. 0 11.2 
164 1 401. 3 16.5 
164 2 399. 5 15.5 
164 3 430. 3 16.1 
164 4 434. 0 17.7 
164 5 434. 8 20.0 
164 6 434. 6 15.8 
164 7 385. 9 21.3 
164 8 357. 3 14.5 
164 9 351. 5 13.3 
164 10 305. 0 12.3 
164 11 : 312. 9 12.4 
164 12 336. 8 12.7 
164 13 295. 0 13.4 
164 14 272. 9 13.5 
164 15 263. 6 14.8 
164 . 16 259. 0 9.3 
164 17 237. 0 10.8 
164 18 254. 0 12.5 
164 19 258. 0 12.2 
165 1 409. 2 15.8 
165 2 396. 0 15.4 
165 3 412. 0 15.6 
165 4 400. 5 14=8 
165 5 381. 0 14.8 
242.1 109.1 217.9 
242.1 109.5 217.9 
250.4 112.8 225.4 
205.4 117.2 184.9 
222.4 132.0 200.2 
201.1 114.8 181.0 
197.0 116.3 177.3 
208*1 117.3 187.3 
196.9 118.9 177.2 
224.1 130.0 201.7 
157.9 77.0 142.1 
206.0 97.2 185.4 
241.9 106.4 217.7 
243.7 111.8 219.3 
231.4 106.6 208.3 
233.3 107.9 210.0 
242.0 109.7 217.8 
250.0 113.0 225.0 
227.5 106.6 204.7 
220.1 98.0 198.1 
209.0 105.2 188.1 
211.7 97.6 190.5 
239.4 138.3 215.5 
208.9 119.1 188.0 
219.2 126.2 197.3 
218.0 122.2 • 196.2 . 
218.7 126.5 196.8 
236.0 134.4 212.4 
230.5 127.6 207.4 
104.0 105.0 93^6 
104.3 105.0 93.9 
103.1 103.6 92.8 
102.2 102.9 92.0 
102.0 102.7 91.8 
100.8 101.5 90.7 
101.5 102.2 91.3 
100.8 101.5 90.7 
100.1 100.8 90.1, 
100.1 100.8 90.1 
98.7 99.4 88.8 
98.0 99.4 88.2 
194.9 113.0 175.4 
211.8 119.9 190.6 
212.5 121.3 191.2 
202.7 116.3 182.4 
197.3 115.0 177.6 
93. 8 1375 392 
94. 2 1378 436 
97. 0 1367 376 
100. 8 1274 334 
113. 5 1252 361 
98. 7 1208 317 
100. 0 1225 216 
100. 9 1239 288 
102. 3 1233 284 
111. 8 1240 408 
66. 2 1198 350 
83. 6 1184 398 
91. 5 1188 402 
96. 1 1224 373 
91. 7 1213 389 
92. 8 1213 387 
94. 3 1232 400 
97. 2 1214 402 
91. 7 1209 549 
84. 3 1187 464 
90. 5 1198 457 
83. 9 1203 540 
118. 9 1215 355 
102. 4 1226 374 
108. 5 1242 295 
105. 1 1225 232 
108. 8 1204 231 
115. 6 1241 : 374 
109. 7 1224 376 
90. 3 1113 . 355 
90. 3 1141 : 395 
89. 1 1142 434 
88. 5 1125 324 
88. 3 1129 403 
87. 3 1121 429 
87. 9 1125 355 
87. 3 1177 474 
86. 7 1121 524 
86. 7 1166 452 
85. 5 1146 490 
85. 5 1117 527 
97. 2 1402 361 
103. 1 . 1397 317 
104. 3 1399 216 
100. 0 1388 288 
98. 9 1360 284 
348 
TABLE 43. (CONTINUED) 
NO WEEK MILK BEAT HAY GRAIN HE GE WEIGHT TEMP 
165 6 419.8 16.2 210.6 119.9 189.5 103.1 1379 408 
165 7 396.2 14.1 201.3 115.1 181.2 99.0 1367 341 
165 8 350.2 13.4 217.3 40.5 195.6 34.8 1341 ; 398 
165 9 350.5 12.8 254.3 47.3 228.9 40.7 1358 402 
165 10 356.6 12.8 286.7 53.8 258.0 46.3 1369 373 
165 11 357.3 15.5 253.0 49.7 227.7 42.7 1368 389 
165 12 335.4 13.8 252.3 46.7 227.1 40.2 1365 387 
165 13 327.0 13.4 250.3 46.6 225.3 40.1 1372 : 400 
165 14 348.8 13.4 259 = 5 47.3 233.5 40.7 1377 402 
165 15 321.0 10.7 249.4 46.2 224.5 39.7 1373 549 
165 16 312.7 11.8 249.7 45.7 224.7 39.3 1370 464 
165 17 273.7 10.4 241.1 46.5 217.0 40.0 1376 457 
165 • 18 287.6 10.2 250.9 47.2 225.8 40. 6 1364 540 
165 19 283.5 10.6 236.1 94.9 212.5 81.6 1343 462 
